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AlSTjACT 


Charge coupled devices represent unique usage of the Metal-Oxide- 
Semiconductor concept. These devices can ••■pie an AC signal at the 
input» transfer charge proportional to this signal through the CCD shift 
register and then provide an output of the same frequency and shape as 
the input. The delay time between input and output is controlled by the 
CCD operating frequency and the number of stages in the shift resister. 
This work is a reliability evaluation of the Buried Channel and Surface 
Channel CCD technologies. The constructions are analysed) failure modes 
are described) and test results are reported. 


Introduction 

A tremendous amount of work has been done on Charge Coupled Devices 
since their invention by Bell Laboratories in 1970. There is, however, 
little information as to the long tdrm reliability of these devices 
especially as related to space applications. 

The work herein provides a discussion of CCD principles and an 
evaluation of the construction and reliability of the Reticon R5101 and 
..the Fairchild CCD321A-2. 

."'■'-■'.ft "•>; , ' . . : . 

This report will show that these two CCD technologies are reliable and 
that they have stable parameter characteristics with long term 
operation. An initial screening program is required to obtain reliable 
devices with the desired operating characteristics. 


Program Definition 


This program was performed to obtain reliability information on two CCD 
technologies . The two technologies were compared to determine if either 
had an inherent advantage for long term apace applications* These two 
technologies were investigated by selecting one part type from each 
group and per forming construction analysis, environmental stress, and 
high temperature life testing* 

: I ' 

A. Test Objectives 

1. Assess the design strengths and weaknesses* 

2. Determine the mo&c likely failure modes. 

3. Develop electrical measurements which can be used to evaluate 
the operating performance of the devices* 

4 Develop optimized burn-in circuits* 

5. Identify changes to upgrade the reliability of CCDs for use in 
space applications. 

6. Make recommendations relative to selecting, testing, 

screening, and applying CCDs* 

7. Document design, test, and procurement requirements and 
provide application and derating guidelines of the use of CCDs. 

8. Investigate the high temperature degradation of charge 

transfer efficiency reported to be caused by hot electron 
injection* 

B. Test Methods 

1. Construction Analysis 

Two units of each type were analyzed to gain a better 
understanding of the physical construction so that electrical 
characteristics could better be understood, failure isolation 
would be facilitatedf and reliability problems could be 
identified. The following sequence of tests was run: 

a* Pin-to-pin electrical Characterization for reference 

during failure analysis. 

b. C-V plots 

c. Residual gas analysis 

d. Microsection one unit of each type 

e* Sequentially strip one unit of each type and examine the 
individual layers. 


2. Electrical Characterization 

Electrical measurement! wore performed humeroue times during 
the course of this testing . Initial characterization was 
performed at -25 °C, +25 ®C, and +55 °C. This included 

measurements of device current, input gate leakage, voltage 
offset, voltage gain, noise, bandwidth, and transfer 
efficiency. Full electrical measurement »?ai also performed 
following the environmental screen tests and following the 
4,000 hour life test. Interim electrical measurements, which 
does not include noise, bandwidth, and transfer efficiency, 
were made at specified intervals during this study. 

A description of the electrical teats follows: 

a. Device Power - This is a measure of the current(s) which 
flow into the parts. For the R5101 this is the current 
supplied to the clock generator/drivers and that supplied 
to the output circuitry. For the CCD321A-2 this current 
is for the output amplifier only. Layer-to-layer shorts 
or threshold voltage shifts will be indicated if this 
current level changes. 

b. Input Gate Leakage - All of the input gates are checked 
for current leakage to ground. Due to the number of 
gates included for a CCD this is a prominent failure 
mode. This measurement will detect leakage paths in the 
thermal oxide separating the poly silicon gates from the 
substrate, leakage paths in the input protection network, 
and leakage paths between a portion of the overlapping 
polysilicon layers. 

c. Voltage Offset ~ This measurement is the output amplifier 

voltage level with no charge being introduced into the 
channel. The charge which does reach the output 

amplifier is the thermally generated minority charge. 
This doubles for every 8 to 10°C temperature increase. 
An excessive change in this level with operating life 
cou Id impair the dynamic range of the output signal. An 
increase in this thermally generated signal could also 
result in a decrease in the minimum operating frequency. 

d. Voltage Gain - This parameter is measured by recording 
the change in output voltage level for a known change in 
the input voltage level. The gain is a function of the 
input circuit sensitivity, the transfer efficiency and 
the output amplifier gain. 

e. Noise - There are many sources of noise in a CCD. There 
can be input circuit (KT/C 1N ) charging noise , reset 
circuit (KT/Coux) charging noise, output amplifier 
noise and surface and bulk state trapping noise along the 
shift register. The RMS voltage level of the output for 
a fixed input level provides this noise measurement. 
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f. Bandwidth - The bandwidth io Manured by applying a sine 
wave to the input and measuring the 3 db point on the 
sampled output. The clock frequency used is as specified 
in the data sheets . The bandwidth test is both a measure 
of the upper clocking frequency and the input and Output 
circuit parameters. 

g. Transfer Efficiency - This is one of the fundamental 
parameters for CCDs since it is a measure of several 
processing and material effects. This test is performed 
by injecting a logic one during one clock interval and 
observing the output after it has been shifted through 
the register. A very accurate determination of the 
inefficiency ccn be made by measuring the increase in the 
next successive analog output and dividing by the number 
of stages in the shift register. 

3. Environmental Screening Tests 

Prior to the 4,000 hour life test the parts were screened via 
tests selected from MIL-STD-883, Method 5004, Class B. The 
160 hour burn-in temperature was lowered to +55°C since the 
effects of high temperature on these CCDs was not known. The 
tests performed are as listed below: 

a. Stabilization bake. Method 1008, Condition C, 24 hours at 
150°C. 

b. Temperature cycling, Method 1010, -65°C to +150°C. 

c. Constant acceleration, Method 2001, 30,000 G, Yl 

orientation only. 

d. Seal Test - Fine per Method 1014, Condition A, GrosB per 
Method 1014 Condition C. 

e. Burn-in, Method 1015, 160 hours at 55°C. 

I 

f . External visual, Method 2009. 

Following the seal test, interim electricals were per formed, 
and following the burn-in test full electricals were performed. 

4. Thermal Step Stress 


To determine the temperature to be utilized for the 4,000 hour 
life test a thermal step stress program was performed. Tit is 
test was designed to determine the temperature at which 
catastrophic failure occurs and then to operate the circuits 
below that point, the sequence for this test is as follows: 

a. Operate four circuits for 16 hours at +65°C. Monitor the 
outputs for functionality and record the power supply 
current at the start and end of test. 
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b. Perform interim electrical teats at +25°C. 

c. Increase the operating temperature in 10 °C increments 
until malfunction or permanent parameter chift occurs. 

From the data obtained , two temperatures were selected 
and the life test started. 

5. High Temperature Life Test 

The parts were divided into two groups and the life test run. 
Two devices had been held out from the beginning as control 
devices. The supply voltages and each of the device outputs 
were monitored on a daily basis. 

Interim electrical measurements were taken at 4, 8, 16, 32, 
64, 128, 256, 500, 1,000 and 2,000 hours cumulative. 

Following 4,000 hours full electrical testing was performed. 
Failures were removed as they occurred and analyzed. The 
Ret icon devices were run at 170 °C and 185°C. The Fairchild 
devices were run at 150°C and 200®C. The Reticon life test 
was performed first followed by the Fairchild life test. 

6. Temperature Cycle 

Six devices were subjected to 1,000 temperature cycles from 
150°C to -65°C per MIL- STD-883, Method 1010. Two devices ware 
taken from each of the Ilfs test groups and two devices had 
not been through the 4,000 hour life test. Interim 

electricals were taken at 20, 50 250, 500, and 1,000 cycles. 

7. Overvoltage Tests 

■ ■ ! ' ' ■: 

Numerous pin combinations were stressed to breakdown to 

determine the weaknesses on the chip. Following breakdown, 
the test was repeated to determine whether a gate oxide failed 
or the input diode had gone into breakdown. The outputs were 
each shorted to ground to simulate output short circuit 
conditions. After failure had been induced, the devices were 
examined to analyze the failure sites. 

8. Failure Analysis 

All units which failed during the testing were reviewed for 
failure analysis. These were grouped by failure mode and 
typical samples of each type analyzed. 

The analyses performed were of sufficient detail to determine 
the failure mode, failure mechanism, probable cause, and the 
relationship between the failure and the conditions at the 
time of failure. 


9* Data Analyai* 


The data taken during this tea ting waa otored on caatctte tape 
and alao on computer printout. Anaiyoift waa made during the 
teating to determine any trenda in Che parametric change*. 
Following the life teata end-to-end evaluation* were 
performed. Further data analyaia waa performed aa indicated 
by the above. 


XII* Introduction to CCl»» 

A. CCD Principle* 

The invention of thr charge-coupled device was announced by Bell 
Laboratories in March of 1970. There has been a significant amount 
of research on thia unique device in the past ten years. 

The COD shift register is basically an array of closely spaced MOS 
capacitors. The voltage on these capacitors, or electrodes, 
produces an inversion layer within the silicon which is capable of 
holding charge, By changing the voltage levels applied to these 
electrodes in a systematic manner, the charge can be transported 
along the CCD. 

There arc many practical ways to construct * device so that it will 
transfer a charge packet frciu input to output. These devices have 
at times been referred to as Charge Transfer Devices (CTD-s). They 
include the Charge Coupled Devices (CCDs) and the Bucket Brigade 
Devices (BBD's) , Because of the apparent electrical superiority 
and higher packing density of the CCDs these were selected for 
study. 

There are two basic types of CCDs. These are surface -channel 
devices (SCCD) and buried-channel devices (BCCD). The difference 
in physical construction between these two technologies is an 
additional diffusion for the BCCD. There is a layer of material, 
next to the surface, that is of opposite doping to the substrate. 

In addition to the two different types of channels utilized in CCDs 
there are many variations in the clocking modes utilized. There 
are two-phase, three-phase, and four-phase clocking schemes. There 
are also several types of electrodes utilized including single 
level aluminum, single level doped polysilicon, aluminum and 
polysilicon gates, two levels of polysilicon, and three levels of 
polysilicon, Some of these variations will be discussed in this 
section. 

B. Surface Channel CCD 

The surface channel device is illustrated in the cross-section in 
Figure III-1A. The energy band diagram with a positive bias 
applied to the gate is shown in Figure Ill-lb, and with charge 
present in Figure III-lc. It is evident that the charge resides at 
the Si-Si02 interface. This is the origin of the term surface 
channel. When the clock pulses the electrode the silicon beneath 
this area is driven into deep-depletion. Charge can be stored in 
this region for a time much shorter than the thermal relaxation 
time of the capacitors, The CCD is therefore a dynamic device, 




Figure III-l Surface Channel CCD: 

a) Cross Section 

b) Energy Band Diagram with Positive Gate Bias 

c) Energy Band Diagram with Charge Present I 
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A three-phase clocking scheme is shown in Figure III-2. This 
diagram has every thitd electrode connected to the same clock* The 
charge resides beneath the electrode that is at a positive 
potential. At time T1 the charge resides beneath the 91 
electrode. At time T2 the charge is being transferred to the area 
beneath the 02 electrode. The 01 clock is going low and the 02 , 
clock is high. At time T3 the charge is being transferred to the 
area beneath the 03 electrode. 

This process continues and the charge is transferred along the 

shift register. A very similar clocking method can be used for a 
four-phase system. This system has one additional clock which is 
connected to every fourth electrode. 

A two-phase system requires an additional element to produce 
directionality for the charge transport. The connections for a two 
phase system are shown in Figure 111^3. Two adjacent gates are 

connected to the same potential, however, a different well 
potential is produced beneath them. This can occur due to a 

difference in the thickness of the insulator beneath the adjacent 
electrodes or due to a difference in the work function of the 
electrodes. Ion-implanted barriers along the channel have also 

been utilized on two-phase CCDs. In Figure III-3 the difference in 
the depth of the wells is due to a work function difference between 
the cross-hatched gates and the gates with diagonal lines. The 
clock signals are as shown. With 02 high the charge will reside 
beneath these electrodes. When 01 goes high and 02 goes low the 
charge will be transferred to the right. A variation on the two 
phase clocking is to leave one voltage fixed at an intermediate 
level and clock the second as previously shown. This will allow 
the charge to move along the channel and will be discussed in more 
detail for the CCD321A-2. 

C. Buried Channel CCD 

The physics of operation of a BCCD are somewhat more complicated 
than that of an SCCD* The operation of a surface-channel CCD is 
closely related to the characteristics on an MOS capacitor in deep 
depletion. The operation of a buried-ctiannel CCD is related to the J 
characteristics of a depletion-mode MOS capacitor in punch-through | 
state. In this situation the gate is over an n-type material which 
has been reverse biased with respect to the substrate. The 
punch-through condition occurs when the depletion region created by 
the reverse biased p-n junction merges with that beneath the gate. 

An energy band diagram for a BCCD is shown in Figure III-4. 
Figure III-4a shows the cross-section. Figure III-4b shows the 
energy band diagram with a positive gate bias. Figure III-4c shows 
the band bending which occurs when charge is stored. The area 
shown by X CH is the area where charge resides. As is visible, 
the charge is removed from the Si— Si<>2 interface and losses due to 
interaction with the surface are eliminated. If an excessive 
amount of charge is stored, will reach the surface and losses 

will occur. 
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A cross-section of a BCCD is shown in Figure III-5. The input and 
output diodes are reverse biased to deplete the n-layer. The gates 
again are coded as in Figure III-3, with the cross-hatched gates 
having the lower fiatband voltage. At time tl the high voltoge on 
01 will produce a large area in which charge can reside beneath 
it. The low voltage on 02 will pinch-off the channel beneath it. 
The equipotential field lines within the n-layer will appear 
approximately as shown by the dotted lines in Figure III-5. The 
charge will move down the channel in a manner that has been 
compared to the peristaltic process of moving something down an 
enclosed canal in wavelike constrictions. 

D. Comparison of Surface and Buried Channel CCDs 

The transfer efficiency of the BCCD is higher than the SCCLV. This 
is related to strong fringing fields and also to an improvement in 
mobility due to charge transfer within the bulk rather than at the 
surface. Charge transfer mechanisms include drift due to 

self-induced fields, fringing fields, and thermal diffusion. The 
fringing field magnitude is very difficult to calculate, however, 
it increases for thicker oxides, greater clock swings and smaller 
electrode lengths. The channel on the BCCD is separated from the 
gafe electrode by a greater distance due to the fact that it is 
buried beneath the surface. This creates the higher fringing 
fields. The fringing field is a very important factor for the 
transfer of the last IT of charge between adjacent electrodes. The 
ielf-induced fields are more important for the majority of the 
charge transfer. 

The operating frequency of the BCCD is also higher. This is again 
related to the fringing fields and bulk mobility. 100 MHz clock 
frequencies are possible with the BCCD. 

The BCCD has smaller charge handling capabilities than the SCCD. 
This is on the order of one third. The BCCD can however transport 
a smaller charge packet so its dynamic range may be wider. 

The BCCD can have a higher dark current because of large thermal 
generation by the empty surface states. This can limit the 
operating temperature range. 

By eliminating the interactions of the signal charge with the 
surface states the noise in the buried channel device is very low. 

E. Applications 

There are three categories of applications for CCDs. These are 
Image Sensors, Digital Memories and Analog Signal Processors. 
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Figure III-5 Buried Channel CCD Cross Section with Equipotential Field Lines 



The Image Sensors tske s variation in the light intensity t&ich 
reaches the sensor elements, transfers this through a shift 
register' and produces an electrical output which provides spatial 
resolution of the image on the sensors (e.|. t TV camera). These 
chips ere constructed as either a long single line of sensors or as 
an area array. 

The CCD is used in Digital Memory applications as a dymanic serial 
type siemory. They require periodic refresh because of the physics 
of their operation and they are basically shift register in nfture 
Which makes them serial rather than random access. They find 
applications in such things as cache memory and bulk storage. They 
are high density devices with low power consumption. 

f ' 

The area of interest for this study are the CCDs used as analog 
shift registers. These shift registers are of various lengths and 
can be operated over a range of frequencies. Applications in video 
systems include time base correction' comb filtering and 
signal-to-nOise enhancing. Audio applications include variable 
delay of audio signals' reverbration effects in stereo equipment' 
and voice scrambling. 


IV Raticon R5101 


A* Physical Construction 

The R5101 is a surface channel CCD* The following section will 
discuss its* construction. This will include physical dimensions 
end type of package , residual gas-analysis, circuit schematics, 
microsections, and examination of the individual layers. 
Reliability considerations relative to these areas will be 
discussed. 


1 * Package 

The R5101 is in a 22 pin ceramic dual-in-line package (Figure 
IV-1) . This is a multilayer side braze construction with a 
braze sealed metal lid. Pin 1 is marked by a dot on the top 
of the ceramic. The metal lid on this package type is 
normally electrically connected to Pin 1, however, this was 
mechanically opened by the manufacturer on this part type. 
There are 11 leads on each side of this package at 0.1 inch 
•pacjLngs. The package width is 0.4 inches. The serial number 
was placed on the package to keep device identity during the 
course of the testing. 

2. Residual Gas Analysis 

The long-term reliability of a device is affected by the 
infernal package ambient. This ambient was measured using a 
CEC Mass Spectrometer Model Number 21-614 with a specially 
designed inlet system. This inlet system was designed to 
optimize the detection of the moisture within the devices 
being tested. The volume of the puncture tool and inlet line 
are kept to a minimum so that packages with small internal 
volumes can be analyzed. The Reticon package had a volume of 
O.lcc and created a pressure rise of 500 microns within the 
puncture tool. This is an adequate quantity of gas to perform 
an analysis. The puncture tool with the device in place is 

heated to approximately 110°C and kept at this temperature for 
a minimum of 16 hours. The inlet line from there to the 
analyzer is kept at an elevated temperature slightly higher 
than that of the puncture tool. The gold leak iranediate ly 
before tha analyzer is at a vacuum level of 10~6 Tort during 
this bakeout. This high temperature bake releases moisture 
trapped in the inlet as well as preparing the samples for 
analysis. 

Following the 16 hour bake a background run is performed and 
recorded. This is used to substracf the background gases from 
the package gases following the package RGA run. The puncture 
tool area is isolated and the pressure inside that chamber is 
monitored while a hole is made in the device lid with a 
puncture tool. When a pressure rise is indicated the device 
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Figure IV-1 Overall ''lev of Retlcon R5101 Package; X4. 
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hat baen punctured and tha analysis can begin. A portion of 
the fas it released into the inlet systea to obtain 
approximately a 100 micron pressure rise. The RCA is then 
performed and recorded. The table below lists the gases 
detected and their mole percentages. 


GAS S/N35 S/N 0 

•; ;; i 


Nitrogen Ng 

99.12 

99.03 

Oxygen 0, 

.16 

.50 

Hater H 2 o 

<.01 

<.01 

Carbon Dioxide iX> 2 

*54 

.34 

Methane CH^ 

<.01 

.02 

Argon Ar 

.16 

.09 


This is an acceptable gas ambient and does not represent a 
reliability concern for this device. 

3. Capacitance Versus Voltage Plots 

C-V curves taken on an MOS structure can provide information 
on the presence of mobile ionic contamination within the 
thermal oxide. This characteristic waa measured on two R5101 
devices. It was measured on V IG and Vqg on serial number 
4 and on V GG on serial number 3. These measurements 
required mechanical isolation and probing of the die surfaces 
Vj- G was accidentally damaged on S/N 3 and could not be 
measured. 

The input protect circuitry on the pins made it necessary to 
isolate it from the gate area to obtain capacitance 
measurements for both* a positive and negative gate bias. The 
procedure used for these circuits was to bias the part to 15 
volts with the gate of interest positive wicn respect to the 
substrate. This was then placed in an oven for 10 minutes at 
300 °C. The bias was maintained on the device after removal 
from the oven until the part was cooled down. This will tend 
to drive the positive ions away from the postively biased gate 
toward the Si-Si02 interface. These ions will then exert a 
larger influence on the semiconductor and cause a shift in the 
C-V curve. Since these are positive ions, the C-V curve will 
shift toward a more negative gate potential. The voltage 
level on the gate that is necessary to overcome the charge in 
the oxide is the flatband voltage (Vpg). This voltage is 
equal to: 

V r « 0ms - •§££ 

FB ■ Co 
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0 ■« ■ Work function difference between the gete end the 
silicon. 

, I i i ’ i 

Qss ■ Fixed eurfece - state charge density per unit area. 

c o ■ Oxide capacitance per unit area. 

For a given gate, 0 ms and C 0 will stay constant so that a 
change in the flatband voltage level will be equal tot 


At 


FB 


. Mil 


A Co 


A change in Qss then indicates a Movement of charge to the 
Si02-si interface. This charge will be termed Qo, the 
mobile ion impurity concentration per unit area. There fore t 


A V, 


FB 


-2Z 

Co 


For a given gate oxide thickness this can be converted to Qo/q. 


A V 


FB 


- Qo 

Co 


Qo ■ A V FB Co 
(Jo m A V FB Co 

q q 


where Co ■ 

and Ko ■ dielectric constant of SlOg ■ 3.9 

<o - permittivity of free space • 8.86 x 10‘ 1 ^ F/CM 

Xo » oxide thickness 

-19 

q ■ magnitude of electronic charge ■ 1.6 x 10 Coulombs 
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Vith the mobile ion* now residing at the Si-SiOj interface , 
the pert was ■echanically opened and the aluainue 
metallization between the gates and the input protect circuit 
was scribed open. The measurements were then taken between 
Vic and the channel input diode and between Voc end the 
coaaon n+ diffusion ; of <^2* and Qi gate. These 

aeasureaents were taken using the mechanical probing station 
arid are recorded in Table IV-l. These readings are taken with 
the DC bias as shown in the Figure. A 50 aV AC signal at 1 
MHs is super iaposed on this DC bias. The capacitance readings 
and the noma Heed readings are given in this table. The 

parts were then baked at 300°C for 10 ainutes to redistribute 
the mobile charge and the parts were reaeaeured. These are 
again listed in Table IV-l. The plots of these normalized 
values are given in Figure IV-2. The dots are the readings 
following bias and tha X'a ara the reedinge following enneel. 
There is no apparent shift between these curves indicating e 
clean oxide proceea. 

Schematic 

The R5101 ia a 2000-sample analog delay line. It ia on a 
■ingle chip with a self-contained four-phase clock 
generator-driver and input and output circuitry. A functional 
schematic from the Ret icon data sheet ia redrawn in Figure 
IV-3. This shows the two MOS devices associated with the 
input signal* a representation of the channel which is 
overlapped by gates that are tied back to the clock and driver 
circuitry and it shows the single channel splitting into two 
separate channels feeding into the output circuitry. The 
sections will be covered in detail and their physical location 
and structure discussed. An overall die photograph is shown 
in Figure IV-4. The clock circuitry along the bottom edge 

generates the four phases used on this device. The input 
circuitry is in the lower right hand corner at the start of 
the channel. The channel winds back and forth until it 
reaches the output circuitry in the upper left hand corner. 

a. Clock Circuitry - The clock circuitry is shown in Figure 
IV-5. This shows the clock generator and the four driver 
circuits . The sync and clock inputs are labeled. These 
clocks go through an input protect circuit and then to 
the clock generator. Figure IV-6 shows a higher 
magnification photograph of the clock generator 

circuitry. The individual transistors are labeled. The 
schematic for this is shown in Figure IV- 7 * the logic 
diagram in Figure IV-8* and the timing diagram is shown 
in Figure IV-9. All of the transistors on th is device 
are n-channel enhancement mode silicon gate field effect 
transistors. 
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Figure IV- 3 Functional Schematic, 85101 







Clock Generator ftiotograph, R5101; X200 


















This circuit tskss ths TTL clock and products four 
signals which go to ths clock driver circuitry. Theta 
signals art labeled A, B, C, and D and art shown in the 
tiaing diagram and also in the block diagram in Figure 
IV-10. They are at half the frequency of the TTL clock. 
The clock driver circuitry is shown in the photographs In 
Figure IV— 1 1 and I V— 1 2 . The schematic is shown in Figure 
IV-13. The signal from the clock generator that goes to 
the phase input labeled 2 is equal in phase to the output 
clock signal. Therefore 6\ equals C, 02 equals A. 03 

equals D f and 0U equals B. 01 and 03 each have an extra 
transistor pair which provides a clock for the output 

amplifier (Figure IV-14). 

The clock circuits on one chip can be synchronised to 
those on other CCDs by the sync input. This input forces 
C low when it goes high and due to the feedback in the 
clock generator circuitry the other clocks follow C. The 
timing for this sync pulse can be obtained from the 03 
output available on Pin 19. 

b. Input Circuit ** The purpose of the input circuit is to 
introduce charge into the CCD channel. The amount of 
charge introduced is dependent upon the difference 

between Vj C an< j fj, Vjq is the input bias gate 

voltage and is kept at a fixed potential, typically 3 
volts. Vj is the analog signal input and this will 
vary from about 3 to 6 volts. The largest signal being 
introduced when Vj is at 6 volte. A schematic 

representation of this input is shown in Figure IV* 13. 

This consists of a diode with the cathode connected to 
the 02 clock and the anode connected to substrate. This 
is the source for electrons to be introduced into the 
channel. The transistors shown are only gates over the 

channel as indicated in Figure IV-16 and the photograph 
in Figure IV— I 7 • These gates overlap as indicated. In 
the schematic the gates which are solid lines are the 

bottom layer polysilicon and the dashed lines are the top 
layer polysilicon. The gates connected to Vj , 

03 and 01 are the bottom nolysilicon layer (polyl) and 

Vic, Pi » an< * P ** ar * the top polysilicon layer (poly2). 

The vertical row of transistors shown in the schematic, 
Figure IV-13, are the input section while the horizontal 
row of transistors represent the shift register. Frou 
Figure IV-16 it is evident that there is little physical 
difference between these structures. 

The input structure functions as indicated in Figure 
IV-16. At time T1 with 02 low, electrons fill the 
potential wells created beneath the Vqdc, Vjc and 
Vj gates. At the end of this injection period, the 

surface potentials under these three gates will be the 

same as the input diode voltage. At time T2, 02 goes 

high creating a depletion region and electrons are not 
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Figure IV-11 Clock Driver Circuit, R5101; X200 












Figure IV- 14 Clock Driver Output, R5101 
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16 Input Cross Section, Potential Well and Timi 




Figure IV- 17 Input Circuit Photograph, R5101; X230 
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available to the CCD array. The data ia therefore 
aampled on the 02 rising edge. Since 02 is now at a high 
potential a deeper well is formed under this electrode 
and the electrons which were under Vj will move to the 
area under 02. At time T3, 03 goes high and the charge 
spreads out under the 02 and 03 electrodes. At time T4, 
04 goes high and 02 goes low. During this transition the 
charge is transferred from under the 02 and 03 electrodes 
to the area under the 03 and 04 electrodes. This process 
continues until the charge is completely transferred 
through the channel to the output section. Also 

occurring at time T4 is the sampling of another signal. 
The potential well under Vj is shallower in this case 

indicating a lower voltage on the gate. 

c. Shift Register - The structure of the gates over the 

shift register was shown in the input circut section. 
The 01, 02, 03, and 04 gates alternate the entire length 
of the channel with the exception of the corners. At 
each corner there is a floating n+ diffusion. At the 
input end of the diffusion is the 04 electrode, and at 
the output end is a poly2 electrode (Figure IV-18). This 

poly2 gate is connected to a dc bias of 3 volts and is 

called ^CB’ or corner bias. A charge packet will 
therefore reach the n+ diffusion when 04 goes high. When 
04 goes low 9 this charge will flow through the n+ 
diffusion to the area beneath Vg B and the adjacent 

electrode 01. The corner bias aids in the transfer 

efficiency at each corner. It is at a high enough 
potential to aid in the charge collection without 

retaining charge which should be transferred when 01 goes 
high. The charge will then contirue down the channel in 
the standard manner. A typical corner is shown in Figure 
IV-19. There are 17 separate columns to the channel with 
16 corners. At the end of the channel two separate 
channels form and go to the output amplifier. 

d. Output Amplifier - The output amplifier is shown 

schematically in Figure IV-20a and in the photograph in 
Figure IV-21. The timing diagram showing the 
relationship between the clocks and the output level is 
shown in Figure IV-20b. In the discussion of the input 
circuitry it was observed that the signal was sampled 

when 02 was low and that the level was fixed at the time 
of the 02 rising edge. This signal is then transferred 
through the channel to the output amplifier. When the 
channel splits half of the charge will go to each side at 
the time 01 goes high. The charge is then transferred 
along these r^yarate channels. At time T1 when 03 goes 
high, an equal quantity of charge will more under the two 
gates labeled A and B. At this same time, with 03 high, 

transistor Q4 will charge the gate capacitance of Q6. 

Since these are n-channel devices, the addition of the 
negative charge packet to the gate at time T2 will 
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Figure IV- 19 Corner Structure Photograph, R5101; X240 
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decrease the conduction of Qf > . This results in the 
output voltage being lowtred an amount proportional to 
the charge packet. The identical size charge packet 
which was at B at time T1 will be in the potential well 
under 04 and 01 at time T2. The even output, V02, will 
be at its high reset value at this time. At time T3 t V02 
will be at a level equal to that of V01 at time T2. The 
shape of the output waveform is a sampled sinusoid in 
this Figure. 

A cross-section of a portion of the odd output is shown 
l in Figure IV-22. This shows tho clock electrodes over 

the channel, followed by the OG electrode which 
transports the signal into the n* diffusion. This 
diffusion is the common point between transistors Q2, Q4, 

I and Q6 gate. The 03 clock applies the V RD0 potential 

I to this common diffusion. As can be seen from the 

cross-section and schematic, the transistors indicated in 
the channel and the OG transistor are only gate 
I electrodes over a p-type material. The other four 

transistors in the output, Q3, Q4, Q5, and Q6 are 

standard silicon gate n-channel FET's. 

e. Input Protect Circuit - Each of the inputs on this device 
which go to a gate has an input protect network. This is 
shown in the photograph in Figure IV-23 and schematically 
in Figure IV-24. The circuit consists of a diffused 
resistor which serves a combination of functions. It is 
an n-diffusion in a p substrate so it is a diode to 
ground, it is a resistive component to the signal that 

goes to the gates, and it is the drain diffusion for the 
FET shown. The FET has its source and gate tied together 
and these go to signal ground. A negative signal on the 
input would be connected to the substrate via the forward 
biased diode and also to signal ground when the FET 
conducts. 

5. Scanning Electron Microscope Examination 

A Cambridge S-180 SEM was used to examine the various layers 
on this device. The ntegrity of the metallization and the 
polysilicon layers were judged utilizing MIL-STD-883B Method 
2018 as the criteria. 

The passivation layer was examined and is shown in Figure 
IV-24. There was no evidence of cracking, peeling, or voiding 
which would degrade the effectiveness of this layer. A 
measurement of the passivation thickness was made at the edge 
of an opening for a contact window. This was found to be 
approximately 2 microns thick. 
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Figure IV-24 SEM Micrograph, Passivation, R5101; X830 



Figure IV-25 SEM Micrograph, General Metallization Coverage, X1300 
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Hydrofluoric acid (nor a were used to remove the passivation to 
allow examination of tha metallisation and polysilicon 

layer*. Thia etching proceee doea not attack the 
■eta 1 1 ixat ion nor did it appear to attack the polyailicon. It 
did attack the oxide layer beneath the owtallixation and 
therefore gave it the appearance of being lifted or aeparated 
on the edge. 

Examination of the metallixation included the areaa related to 
the clock circuitry, input circuitry, channel, output 

circuitry, and the input linea. All four directional edgea 
were examined. An example of the general metallixation 
appearance in the clock circuitry ia shown in Figure IV-25. 
The metallixation thickneaa waa approximately 1 micron. Thia 
photo inc ludea contact vindova, atep coverage over 

polyailicon, and atep coverage over changea in the thermal 
oxide topography. There are no reliability problema evident 
in thia SEM micrograph. Two more examplea of the 

metallixation coverage in the clock circuitry are ahown in 

Figurea IV-26 and IV-27. Theae are a combination of contact 

window and atep coverage. There appeara to be a relationship 
between the direction of the atep and the step coverage. 

Figure IV-26 has very good coverage and Figure IV-27 haa a 
small crack or etch appearance along the edge of the bottom 

atep. The coverage on both is acceptable. The directional 
effect showed up again in the channel metallixation. Figure 

IV-28 ia the general metallixation appearance and Figure IV-29 
ia the worst case contac*. window seen. The metallixation atep 
over the polyailicon in this direction waa found to have a 
more noticable crack along the edge. Referring to Figure 
IV-28 there are three metallisation stripes which contact 

polyailicon. The center stripe contacts the lower level 
polyailicon (polyl) and the two outside stripes contact 

poly2. If the contact window on the poly2 had been shifted 

slightly the contacts could have been made in an area without 
a step. This would have alleviated the condition seen in 
Figure IV-29. There were no step coverage problems seen which 
could be considered rejectable. The aluminum metallixation 
was then removed with consnerc ia 1 ly available Transene Aluminum 
Etchant. The polyailicon layers on all areas of the chip were 
then examined and documented. 

Figure IV-30 shows the appearance of the general polysilicon 
coverage. The large polyailicon stripe with the contact 
windows on the left hand side of the picture is a poly2 
layer. This is the layer which is connected to the 02 clock. 
The step which occurs in approximately the center of the 
photograph going from the top to the bottom is the edge of the 
channel, with the channel being on the right. Starting at the 
contact window on the polysilicon in the middle of the picture 
the 02 clock can be fallowed over to the channel region. 
Proceeding downward the next clock is the 03 clock (polyl). 
This comes from the left hand side of the picture and 
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Figure IV-27 SEM Mioograph, Metallization Step Coverage, R5101; X5500 
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Figure IV-29 SEM Micrograph. Contact Window Metallization Coverage; 
R5101 ; X6600 
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corresponds to the center metallization stripe seen in Figure 
IV-28. The next polysilicon layer cones frou the right hand 
side of the photograph and ia the 04 clock (poly2). The last 
one in the series before they repeat is the 01 clock (polyl). 

Higher magnification documentation of the polysilicon layers 
shown in the SUM micrographs in Figures IV-31 thru IV-34. 
Figure IV-31 is a photograph taken at 90 to Figure IV-30 with 

an increased tilt angle. At the bottom of the picture is the 

03 clock line which is then traversed by the 02 clock line and 
the 04 clock line is in the upper right hand corner. Note the 
extremely good step coverage of the 02 line over the 03 line. 
Figure IV-32 is of the 04 clock line at the edge of the 
channel. This is a poly 2 layer and it shows very good step 

coverage over both the thermal oxide step and the polyl 
layer. Figure IV-33 shows several polysilicon steps as well 
as the thicknesses of the lavers involved. The top layer of 
polysilicon (poly2) is approximately 0.4 microns thick. This 
is separated from the bottom polysilicon layer by 
approximately 0.5 microns of dielectric. The polyl layer is 
approximately the same thickness as the poly2 layer. Again 
note the extremely good step coverage and uniform film 
thickness of the poly2 layer. Figure IV-34 is an example of a 

polyl layer in the clock circuitry where a contact to the 

aluminum metallization had been made. Note the uniformity of 
the film thickness over the thermal oxide step. 

During the SEM examination of the conducting layers on this 
device there were no layers seen which were unacceptable. 

6. Diffusions and Polysilicon Conductors 

This section will discuss the diffusions used on this chip and 
will show these diffusions and the polysilicon conductors in 
cross-section. 

There are five areas on the chip that are produced by an n* 
diffusion. These are the clock circuitry, the input diode, 
the corner diffusion, the output amplifier, and the input 
protect circuit. The top view of these areas with all of the 
conductor layers chemically removed and the diffusion stained 
is shown in Figures IV-35 thru IV-39. Figure IV-35 shows a 
portion of the output on the clock circuitry. These are 
alternating source and drain diffusions for the clock driver 
transistors. Figure IV-36 shows the input diode. This diode 
is connected to 02 and provides the source of charge for the 
channel. Figure IV-37 shows the corner diffusion. This will 
transport the charge from one column to the next. Figure 
IV- 38 shows the output amplifier diffusions. These are 
identical for the two separate channels. Figure IV-39 shows 
an input protect circuit. The contact windows on either end 
of the long diffusion are the input and output for the protect 
resistor. The smaller diffusion with the 5 contact windows 
goes to ground. 
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The (!♦ diffusion ia shown in cross-section in the photographs 
in Figures IV-40 thru IV-42. Figures IV-40 and IV-41 are on 

the same die and are areas of the clock circuitry. Figure 
IV-40 shows three diffused areas with polysilicon gates and 
one metallisation contact point. The diffusions are 

approximately 5 microns thick. Figure IV-41 shows another 
section in the clock circuitry. The two polysilicon 
conductors on the right are transistor gates and the two 
polysilicon conductors on the left are separated by additional 
thermal oxide from the silicon and are not used as transistor 
gates at this point. Figure IV-42 is on a different die than 
Figures IV-40 and IV-41. This shows a diffusion on a corner. 
This has a different appearance due to a difference in the 
angle of the microaection and the length of the etch. Lateral 
confinement of the stift register channel is provided by a p* 
diffusion. This could not be identified in the cross-section 
analysis, however, the Reticon personnel supplied the 
following information. The active areas are surrounded by a 
p+ diffusion with a surface concentration of about 
3 x lOlG/gn,}. This is approximately 3 microns wide and 1 
micron deep. The p substrate is approximately 2 x 

10l V cm 3. 

Figure IV-43 shows the overlapping structure of the 

polvsilicon in the channel region. This section is taken 
almost parallel to the channel region. The right hand side of 
the photograph where the polysilicon is close to the silicon 
is the shift register channel. The left hand side is between 
channels. 
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B. Electrical Characterisation - General 

The manufacturer 'a data sheet is included in the appendix. The 
Reticon R5101 devices were obtained directly from the Reticon 
Corporation in Sunnyvale, California. The firat order of parts 
arrived in non-hensetic epoxy packages. These were returned to 
Reticon and were replaced with ceramic dual-in-line packages. 

1. Operating Paraswters 

Upon receipt the R5101 circuits were electrically 
characterised to determine their operating range. They were 
operated in the test tool shown in Figure IV-44. This tool 
was designed specifically to operate the R5101 and perform the 
electrical tests to be described in this section. The 
voltages and signals required to operate this circuit are 
shown in Figure IV-44 and in the table from the data sheet, 
Table IV-2. 

In Table IV-2 the first function is the clock voltage. This 
clock voltage is a square wave in Figure IV-44 with an 
amplitude of 5.4 volts and a frequency of 125 KHx. This 
voltage level is non-critical and can range from 5 volts up to 

v DD* This clock controls the operating frequency of the 
device. It is used to drive the four-phase clock and driver 
section on the chip. The relationship of the timing on Cp and 
the internal clocks was shown in Figure IV-9. The delay time 
between the edge of the Cp input and the corresponding rise or 
fall of the clock signal is specified in the data sheet as 
typically 100 nanoseconds. 

The sync pulse voltage is the next function in Table IV-2. In 
the test tool the sync input, pin 22 in connected to ground. 
This input allows several R5101 circuits to be operated with 
the same relative timing between phase clocks. The timing 
associated with the sync input is shown in Figure IV-9. There 
should be a minimum of 100 nanoseconds between the time 3 
goes hign and the tiise the sync input goes high. For 

electrical test of a single circuit the sync input should be 
checked for input leakage but for the remainder of the tests 
it should be connected to ground. 

The output bias, pin 15, is set at 3 volts in the test tool. 

The bias is the gate voltage on the FET that transfers the 

charge from the shift register to the output amplifier. 

The corner bias, pin 10, is also set at 3 volts in the test 

tool. This bias is connected to c.t electrode on each corner 

of the shift register and allows charge to be transferred from 
one row of the register to the next. 
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Figure IV-44 Schematic, Test Tool, R5101 
















FUNCTION 


Clock Voltage 
Sync Pulse Voltage 


Output Biai 
Corntr Bias 


SYMBOL 


PARAMETER 


Input Isolation Bias 

V, G 

Analog Input Bias 

V| 

Signal Vpp Voltage 

VODS 

Driver Vqd Voltage 

VoOD 

Signal Vpp Current 

<DOS 

Driver VppCurrent 

lODO 

Reset Drain Voltage Odd 

Vrdo 

Reset Drain Voltage Even 

V RDE 

Reset Drain Current Odd 

IRDO 

Reset Drain Current Even 

Irde 

Clock output 

®3 

Signal Outputs 

V oi and V 02 


MIN. 

TYPICAL 

5 


5 

10 

1 

3 

1 

3 


3 

3 

■■■■I 


UNITS 


Voir* Peak 
Volti Peak 


Volt* dc 
Volttdc 


Voltidc 
Volt* dc* 


Volts dc 
Voludc 


ma 

ma 


Volts dc 
Volts dc 


pamp 

pamp 


see text. 










































The input isolation bias, pin 3, iu the third lead connected 
to 3 volts on the test tool. This bias produces a potential 
well of the correct depth to isolate the charge source on the 
input from the analog signal potential well. This is 

discussed in detail in the construction analysis section. 

The analog input bias is applied to pin 4 on the R5101 and is 
the device input signal. On the test tool this can be 
switched to 5 different positions. The purpose of each 
position will be discussed in the appropriate electrical 
measurement section.. For initial characterization of the 
devices position 3 was used and a D.C. signal from 
approximately 3 to 6 volts was applied by adjusting the 1 kohm 
potentiometer. The transfer characteristic for two devices is 
shown in Figure 1V-45. The. output is close to linear over the 
input range of 3.4 volts up to 5.8 volts. This information 
was used to establish the voltages levels used in the other 
four input switch positions, In addition to the transfer 
characteristic, the output level on a number of circuits for a 
fixed input level was measured. These values are illustrated 
in the graph in Figure IV-46. The output voltage levels range 
from. 2.4 volts up to 3.6 volts with the largest number around 
2.7 volts. j 


The next function in Table IV-2 ia> the signal Vpp voltage. 
The typical value of 12 volts was utilized for the test tool. 
This voltage is supplied to the drain of each of the two 
output transistors via pin 9. 

The driver V DD voltage, connected to pin 20, supplies the 
power to the clock generator and to the four phase clocks that 
go to the shift register. This was also set at 12 volts. 

The signal Vpp current given in Table IV-2 is a typical 
value of 8 mA. This value is dependent upon the output load 
and the output voltage level. For the test tool with a 2 kohm 
load connected to one of the two outputs at a time, a current 
of 2 mA will flow when that output is not being addressed, and 
1 to 2 mA will flow when it is being addressed. Hi is 
corresponds to an output level of 2 to 4 volts. 

The driver Vpp current is given as a typical value of 8 mA. 
This value is frequency dependent and also dependent upon the 
load on 03 out (pin 19). Using the test tool this current 
typically measured 13 mA. 

The reset drain voltage is supplied to both the even (pin 13) 
and odd (pin 14) reset drain pins. The typical value of 9 
volts was utilized. This voltage is supplied to the output 
transistor to reset the gate to its high level prior to the 
addition of the charge to the gate from the shift register. 
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V 0UT - V0LTS 

Figure IV-46 Output Levels with Fixed Input, 21 Devices 





The reset drain current is listed as a typical value of 70 

uA. The actual current flow is the current required to 

recharge the output transistor gate (Figure IV-3) following 
the addition of the negative charge from the channel. This 
current flow is an exponentially decaying function related to 
the output series resistance , the resistance of the series FET 
and the capacitance to be charged. The initial charging 
current on the test assuming the conditions which produce the 
highest possible current is on the order of 9V/100 kohm ■ 90 
uA. The time constant for this charging current is on the 

order of one microsecond. 

The clock output (pin 19) is a square wave output with a 

maximum amplitude of V DD , This signal is the same phase as 
the 03 clock going to the shift register. In the test tool 
this: signal is utilized to provide the correct timing for the 
sample and hold to accept the output level when it is valid. 

In normal operation this signal can be used to generate the 

timing to operate several of these circuits in synchronization. 

The signal outputs on this device are pins, 8 and 12. The test 
tool utilizes the 2 kohm load specified in the data sheet. 
The output voltage level for a given input was shown 
previously in Figures IV-45 and IV-46. This output voltage 
with the 2 kohm load is a square wave with the reset portion 

being at approximately 4 volts and the signal portion ranging 

from 2 to 4 volts, Vqj (pin 12) has a valid output level 
when 03 is low and Vq£ (pin 8) is valid when 03 out is high. 

In addition to the pins listed in Table IV-2, the substrate 
(pin 1), the clock ground (pin 2), and the signal ground (pin 
11) are all held at ground potential. 

Table IV-3 lists the electrical measurements made on the R5101 
devices. The temperatures utilized for this testing were +2^ 
C, -25 °C and +55'°C. The high test temperature was selected 
after characterizing the circuits for their minimum operating 
frequency at a given temperature. In the test tool with the 
clock input at 125 KHz the circuits would operate up to about 
40 °C. To operate at 55 °C a clock input of 350 KHz was 
required and at 85 °C, 0. 5-1.0 MHz was required. The minimum 
operating frequency is determined by thermal leakage effects 
on the die. Since the thermal leakage doubles every 8-10°C, 
the minimum operating frequency must also increase in a 
similar manner. The test tool was designed to operate with a 
clock input frequency of 125 KHz for the various electrical 
parameters measured. The only measurement that was adversely 
effected by the increased frequency necessary at 55°C was the 
noise measurement. This will be discussed in the electrical 
parameter section. The initial electrical characterization 
was utilized to provide in-depth information about the 
electrical performance of these devices. The objective of the 
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TABIE IV-3 EIECTRICAL tests, 

R5101 


1 SEOUENCE “ 

TEMPERATURE 

TEST TYPE 

1) INITIAL CHARACTERIZATION 

25, -25 & 55 °C 

FULL 

2)' POST ENVIRONMENTAL SCREEN 

25°C 

INTERIM 

3) POST 160 HR BURN-IN 

25°C 

-25 & 55 C 

FULL 

INTERIM 

4) STEP STRESS 

25°C 

INTERIM 

5) HIGH TEMP LIFE TEST © 4, 
8, 16, 32, 64, 128, 256, 
500, 1000 & 2000 HOURS 

25°C 

INTERIM 

6) POST HIGH TEMP LIFE TEST 

25 °C 

FULL 

7) TEMPERATURE CYCLING © 20, 

25°C 

INTERIM 


50, 250, 500 & 1000 CYCLES 

NOTE: Interim electricals * Reset Drain Current, Clock Current, Gain 

Signal Current, Offset Voltage and 
Input Leakage Current. 

Full electricals * Interim Electricals plus - Noise, Bandwidth 

and Transfer Efficiency, 
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post environmental characterization tests was to determine 
delta shift information on each device* The interim 
electrical testa were used to assure that the devices were 
functional at the specified points in the test and also to 
obtain additional parameteric data for delta shift analysis. 

2. Electrical Parameter Measurements 

a* Device Power - Two current levels were measured for the 
R5101. These were the current drawn by the clock 
circuitry and the current drawn by the output 
’transistor. Both of these currents were measured on the 
teat tool by reading the voltage drop across a 14.7 ohm 
resistor and calculating the current flow. A typical 
value for the clock current reading was 0.1991 volts 
which calculates out as 13 mA. A typical value for the 
output signal current reading was .0250 volts which 
corresponds to 1.7 mA. The data was taken on an HP9830 
computer and stored on cassette tape. Shift in these 
current levels would indicate possible threshold voltage ; 
drift, shorting between the polysilicon layers* or shorts 
from the polysilicon up to the overlying metallization or 
down to the silicon. 

b. Input Gate Leakage - Input gate leakage is measured on 
the test tool for the reset drain current. This is 
measured across the 100K current limiting resistor as 
shown. This test is utilized to indicate an increase in 
the leakage current on the output transistor gate and is 
not designed to measure the momentary charging currents. 

A voltage mesurement of 1 volt would indicate a current 
leakage of 10 uA. The remainder of the gates are 
measured on the leakage current test tool shown in Figure 
IV-47. The inputs measured were Vj G> Vj, Sync, Cp, 
and Vqq, A constant 11 volts is applied to each of 
these inputs through a 100 kohm limiting resistor. The 
voltage is then measured across each of these resistors 
and recorded. Resolution down to .0001 volts was 
utilized which provided a current sensitivity of 1 
nanoamp. Another leakage current which could be measured 
on this type of part with more than one polysilicon 
conductive layer is the leakage between overlapping 
layers. For CCD analog delay lines this would commonly 
include gates in the input and output sections and on 
devices without an on-circuit clock generator this would 
include the transfer electrodes. For the R5101 the input 
Vjg to Vj leakage should have been measured. The 
probable parametric result of this type of leakage would 
be a shift in the transfer characteristic. The 
significance of this type of measurement will be move 
evident in the section on the CCD321A-2. 
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Figure IV-47 Schematic, leakage Test Tool, R5101 



Voltage Offset - This tem describes the current that is 
thermally generated within the bulk silicon . With no 
charge input into the device the output voltage level 

will approach that of the reset level. In the test tool 
the input is taken to ground which eliminates any charge 
input. As can be seen in the transfer characteristic in 
Figure IV-45 the output does not change for inputs below 
about 3 volts. This thermally generated current 

increases with temperature and this is evident in the 
electrical measurements. A girect comparison can be made 
between the -25 °C and +25 °C readings since they were 
performed at the same operating frequency. A typical 

device measured a V offset level of 4.01 volts at 25 °C 
and a level of 4.24 volts at -25 °C. The increased 

frequency of operation at 55°C produced an offset voltage 
level of 3.87 volts, A more accurate measurement of the 
offset level and one that would eliminate temperature 

related changes in the output amplifier operating point 
would require two readings for this measurement. This 
would require the voltage reset level to be measured 
followed by the output level with no charge being 
transported. Subtracting the second from the first would 
provide the voltage level related to thermally generated 
charge , 

Voltage Gain - The voltage gain is performed by measuring 
the output voltage level change for a known change in the 
input voltage level. In the test tool* readings were 
taken with the input switched to position 5 (5V) and then 
with the input switched to position 4 (4V) . The second 
output level substracted from the first? divided by 1 
volt is equal to the gain. A change in the gain would 
indicate a shift in the input sensitivity? the transfer 
efficiency? or the output amplifier gain. The input 
voltage levels were selected by utilizing the 
characterization data shown in Figure IV-45. The input 
levels were selected within the linear portion of the 
curve . 

Noise Measurement - OCD noise is partially a function of 
the magnitude of the dark current. It is also affected 
by input circuit charging noise? reset circuit charging 
noise? output amplifier noise? and surface and bulk state 
trapping noise along the CCD shift register. Poor 

process controls and poor grade material can seriously 
affect the noise properties of CCDs. To take the noise 
measurement on the test tool the input was put in 
position 5? switch 6 was connected to U6-8? and switch 7 
was connected to U8-6 . The first sample and hold circuit 
would acquire the output level at a valid portion of this 
signal. The signal is sampled at the time when U15-8 


goei low with a sample time of 8 microseconds. The 5,000 
pP holding capacitor provides accuracy to 0.1* in 6 
microseconds on U9. The second sample and hold, U10, is 
held in the sample position starting at the same time as 
U9 and remaining for 640 microseconds. With the 0.15 uF 
capacitor this circuit will reach 0.1X accuracy in 700 
us. With the higher value capacitor the drift on the 
output is only 0.06 mV per second. These two sample and 
hold circuits in series provide the necessdry fast 
sampling time as well as the slow output level drift to 
read individual voltage levels on the R5101 outputs. In 
this circuit configuration a new sample is read every 33 
milliseconds while the computer accepts a sample every 
250 milliseconds. To obtain an rms voltage reading, 125 
samples are accepted and this value calculated. 

125 

(RMS noise; * X) ( X. - x) Z 
i-1 1 

There were three problems associated with taking this 
measurement. The first one was the system noise since 
there were several A.C. signals in the test tool. This 
could result in erroneous readings being taken by the 
computer* The sebond problem was the change in the 
output voltage level as the chip heated up while 
operating. The output voltage level versus time is shown 
in Figure IV-48. With this device in the test tool for 
200 seconds the output level went from 1.7268 volts to 
1.6998 volts. This ift a change of 27 mV. This is one of 
the larger changes seen, however, it illustrates the 

problem. The third problem only affected the high 
temperature reading. Since the holding capacitors on the 
test tool were adjusted for proper operation at a clock 
frequency of 125 KHz, they were not optimized for the 
higher operating frequency. There would also be an 
increase in system noise at the higher frequency. 

. Bandwidth - The test tool was utilized for this test on 
the R5101 . The switches were connected to the bandwidth 
positions as shown on the schematic. The PC voltage to 
pin 4 was set at 4.5 volts and an AC signal of 2 volts 
peak to peak was applied through the capacitor to the 

device. The clock pulse used was 2 MHz which is the 

maximum specified in the data sheet. The procedure used 
was first to measure the output peak to peak voltage 
level at 10 KHz to establish the device gain. The input 
sine wave frequency was then increased while the output 
level was monitored. When the signal had dropped off 3db 
from the starting point the input signal frequency was 

read and recorded. These devices typically had 
bandwidths that ranged from about 140 to 180 KHz with the 
exception of the circuits which were later identified to 
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have shorts within the Clock circuitry. These devices 
had significantly lower bandwidth s and often had 
distorted output signals i.e., nonlinear gain or 

decreased input signal range. 

g. Transfer Efficiency * This is one of the fundamental 
parameters for CCDs since it is a measure of several 
first and second order processing and material effects. 
These are » in part t 

1) Shift register gate overlap completeness ; 

2) Charge trapping losses; 

3) Well discontinuity along the shift register; 

4) Inconsistencies in the work function of the 
polysilicon gate structure. 

This measurement is made by shifting a charge packet 
through the device and measuring the output voltage (VI) 
then switching to no charge being transferred through and 
measuring this voltage level (V2) and finally measuring 
the voltage level (V3) which occurs at the single pulse 
following the change from VI , to V2> The transfer 
efficiency is then equal to: 

“ Lvl x no. of tranfarsj 

The test tool circuitry was designed to perform these 
measurements. Switches 8 and 9 control the input levels, 
and the counter circuits, Ull, U12, and U13 control the 
sample time for the sample and hold circuits to read the 
voltage levels. The critical timing for this test is to 
read the voltage level (V3) which occurs at the single 
output pulse following the change from charge being 
transferred through to no charge being transferred 
through. In the test tool with switch 9 at ground and 
switch 8 at 5 volts the input to the R5101 is 5 volts 
DC. This provides the output level VI of about 2.7 

volts. To measure V2, with no charge being transferred 

through, 3 volts dc is applied to the R5101 with both 

switches 8 and 9 at 5 volts. This provides an output 

level of approximately 4 volts. The V3 measurement is 
taken by having switch 9 at 5 volts and switch 8 going to 
U3-3. In this configuration the input to the R5101 is 
switching between the 3 volt input level and the 5 volt 
input level. When the input switches from 5 Volts to 3 
volts the counters reset and count to 2000, since this is 
a 2000 stage delay line. The counter circuitry then 
provides a pulse that is used to control the timing for 


80 


r 



fche sample and hold circuit co take the correct voltage 
reading. The R5101 output is shown in Figure IV-49 , 
This is 0.5 Volta per vertical division and 2ms per 
horieontal division. The rising edge of this output is 
then expanded in Figure IV-50. The sample and hold 
control pulse is alao shown in Figure IV-50. The top 
trace is at 5 volts per vertical division and the bottom 
trace is again at 0.5 volts per vertical division. The 
tiaung is 20 microseconds per horieontal division. 




H 





Figure IV-49 Output Voltage, 0.5 V/cra Vert., 2 ms/cm Horlz., R5101 



«Mgure IV-50 Output Voltage and Sample & Hold Enable Pulae, 
20 u seconds/cm Time Base, R5101 


UK1GINAL PAGE I> 
OF POOR quality 




The top trace remains at 5 volts except for the single 
low which inputs V3 to the sample and hold circuit • The 
bottom trace is 6f .the circuit output* The upper level 
on the Bquare wave ' is the reset voltage level between 
valid output times. This is about 4.2 volts. The 
voltage level on the left hand side of the picture is VI 
and the voltage level oh the far right hand side of the 
picture is V2 t These are about 2.7 and 4.0 volts 
respectively. 


The value of V3 which is read by the sample and hold is 
about 2.9 volts. As can be seen in the photograph the 
transfer efficiency cannot be calculated by using these 
three values alone since there is additional charge being 
transferred out over the next 5 or 6 pulses. This value 
was used to track any changes in the transfer efficiency 
during the course of this test. This provides a 
sensitive parameter for following these changes. 


To calculate the actual transfer efficiency for this 
device the total amount of charge has to be accounted 
for. Readings of the voltage levels were taken through 
the transition period shown in Figure IV-50. These 
readings are : VI ■ 2.69, V2 » 3.99, and in between 2.91, 

3.31, 3.60, 3.84, 3.97, and 3.98. Assuming a linear 

response of the output amplifier with charge then the 
transfer efficiency can fee calculated in the following 
manner: 

The inefficiency for the transfer of charge from input to 
output 


(3.99 - 3.98) + (3.99 - 3.97) + (3.99 
' (3.99 - 2.69) x 2000 

4 . (3.99 - 3.60) + (3.99 - 3.31) ± (3,99 
+ (3.99 - 2.69) x 2000 


2.33 

1.3 x 2000 


8.96 x 10’ 4 


efficiency = 1 - inefficiency 
= 0.999104 


3.84) 


2.91) 


The numerator in this formula is the sunmaticn of the 
voltage differences at the output. The denominator is 
the voltage difference caused by a charge packet reaching 
the output multiplied by the number of times this charge 
is transferred. The efficiency calculated and recorded 
during the normal testing of this device was: 

1 . f 3.99 -2.91 1 = 

1 L 2.69 x 2000 J 


0.999799 


This value is high for two reasons. The first is that 
the additional charge on the 5 pulses after the 2.91 was 
measured is neglected, and the second is the fact that 
the 2.69 in the denominator is not proportional to the 
size of the charge packet. A value of 3.99-2.69 would 
have been more accurate. This would have given an 
efficiency of: 



T 3.99 - 
[ (3.99 -2. 


- 2.91 
69) x 2000 


] 


.999585 


This is still high but is more nearly accurate. The 
maximum and minimum values for transfer efficiency as 
calculated during this test are: 

At V3 - 3.99 
Transfer eff ■ 1.0 

At V3 - 2.69 

Transfer eff * .999758 


C. Initial Electrical Characterization 

The test flow is shown in Figure IV-51. Initial electrical 

characterization on the R5101 devices was performed as described in 
the previous section. The leakage current test found four parts 
with leakage (Table IV-4). S/N 5 has the Bync input shorted to 

ground and this input is also leaky on S/N 25. The other two 
devices have nanoamp level leakage currents. 

All fifty devices were electrically characterized at -25°C, +25®C, 
and +55 u. A sample of the electrical readings are given in Table 
IV-5. This provides the data taken on the test tool at the three 
temperatures. The effect of temperature on these devices appears 
to vary significantly. As an example, the offset voltage on serial 
number 1 is the same at -25°C and +25 C and decreases by 0.15 volts 
at +55°C. Serial number 3 decreases by 0.25 volts between -25 °C 
and +25°C, and decreases by 0.42 volts between +25°C, and +55 C. 
Other parameters also were affected to varying amounts by 
temperature on the different parts. Delta calculations between 
these initial measurements and later measurements will be discussed 
in the data analysis section. 
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Figure IV- 51 Test Flow Diagram, Reticon R5101/ Quantities Used 




TABLE IV-4 LEAKAGE TEST, INITIAL Q 25°C, R5101 


(serial number 

PIN 

r CURRENT 

5 

22 

109 nA 

13 

15 

92 nA 

25 

22 

1.5 uA 

33 

15 

386 nA 

33 

3, 4 
21, 22 

2 nA 
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Table IV-5 Initial Electrical Characterization. R5101 
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Note 1 - V D j)=12 V, 03 out load = 1.5 kohm,'V01 and V02 load = 2 kohm, sampling frequency = 62.5 
KHz at -25°C and +25°C, 175 KHz at +55°C. 

Note 2 - No maximum and minimum specifications available. H 



Table IV-6 provides the clock current measurements at 25°C for each 
of the devices. The serial numbers which had low bandwidth or high 
leakage currents are also indicated. All of the devices with high 
clock current had low bandwidth or distorted output signals. These 
devices were later analysed and will be discussed in the failure 
analysis section. The bandwidth readings for each of the fifty 
devices at all three temperatures are given in Table IV-7. 

Serial numbers 5 and 25 were removed from test and held for failure 
analysis. These were the two devices with input leakage on pin 
22. Serial numbers 1 and 2 were held for control samples. Theae 
samples are tested and recorded before each electrical teat on the 
remaining devices. 

Environmental Screen 

Forty-six devices were subjected to the environmental screening 
tests of Table IV-8. These tests were selected from MIL-STD-883, 
Method 5004, Class B. Internal visual was not implemented at this 
point since parts will be examined for the construction analysis 
and during the failure analysis. 

The first screen test was high-temperature storage per Method 
1008.1, Condition C. This is an storage temperature of 150°C for 
24 hours in a nonpowered condition. This stress is used in the 
screening sequence as a pre-conditioning treatment prior to the 
remaining tests. 

The second environmental screen test was temperature cycling per 
Method 1010.2. This is an automated test which exposes the parts 
to -65°C and +150°C taking 30 minutes per temperature cycle. There 
was a total of 10 cycles, 

The third screen test was constant acceleration per Method 2001.2, 
Condition E. This is a 30,000 g acceleration in the Yl axis. The 
Y1 orientation is defined as that one in which the element tends to 
be removed from its mount. The parts were held in plastic carriers 
to avoid bending of the external leads. 

The fourth screen test is a seal test per Method 1014.2 . The fine 
leak test is per test condition Al, using helium tracer gas with a 
bomb time of 2 hours at 60 PSIG. The gross leak test is per Test 
Condition C, using fluorocarbon. 

Interim electrical tests were performed at this point. These tests 
are used to verify the functionality of the devices and provide 
information on the effect of the preceding tests on parameter 
stability. These data were stored on tape and delta calculations 
performed. The gain of S/N 23 side 1 was found to have shifted by 
17%. This part was left in test to see if any further change would 
occur. 


TABLE IV-6 INITIAL CLOCK CURRENT AT 25°C, R5K 


S/N 


CLOCK 


CURRENT 


it n>A 


S/N 


CLOCK 


CURRENT 


riA 


S/N 


1 

2 

3 

4 

5*A 

6 

7* 

8 

9 

.0 

.1 


13.26 

12.84 

13.20 

12.84 

12.91 

13.65 

30.61 

12.97 

12.77 

12.84 

13.11 


13* 

14 

15 
16* 

17 

18 

19 

20 
21 
22 * 

23 

24 

2 5* A 


29.53 
13.06 
13.18 
13. 04! 
12.77 
13.45 
12.77 
13.31 
13.04 
36.42 
12.49 
13.31 
13.24 


26 

27* 

28 

29 

30 

31 

32 

33 

34 

35 

36 
37* 
38* 


* Low Bandwidth 


A High Leakage 



CLOCK , 

CURRENT 

S/N 

CLOCK 

CURRENT 

12.91 

39* 

29.47 

12.84 

40 

13.45 

13.51 

41 

12.91 

13.11 

42* 

33.45 

12.97 

43 

13.24 

13. 15 

44 

12.57 

13.18 

45* 

13.92 

12.70 

46 

13.31 

13.24 

47 

13.65 

12.76 

48 

13.72 

12.98 

49 

12.65 



TABLE IV- 7a BANDWIDTH (KHz) @ -25°C; R5101 


ma 

VOl 

V02 

S/N | 

VOl 

V02 

S/N 

vox 

V02 

S/N 

VOl 

V02 | 

l 

170 

180 

13 

*200 

210 

26 

170 

150 

39 

*150 

140 

2 

200 

210 

14 

180 

180 

27 

80 

80 

40 

'150 

150 

3 

180 

180 

15 

170 

190 

28 

150 

140 

41 

160 

170 

4 

170 

170 

16 

90 

90 

29 

160 

150 

42 

*100 

100 

5 

90 

90 

17 

170 

170 

30 

170 

180 

43 

150 

160 

6 

170 

170 

18 

170 

170 

31 

150 

160 

44 

140 

140 

7 

*100 

100 

19 

160 

160 

32 

170 

170 

45 

90 

90 

8 

180 

180 

20 

150 

150 

33 

170 

170 

46 

150 

160 

9 

180 

170 

21 

170 

180 

34 

160 

160 

47 

150 

170 

10 

170 

170 

22 

*100 

110 

35 

160 

150 

48 

100 

100 

U 

130 

130 

23 

160 

140 

36 

160 

160 

49 

170 

180 

12 

170 

170 

24 

140 

130 

37 

100 

110 

50 

160 

160 




25 

100 

100 

38 

*100 

110 
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TABUS IV- 7b BANDWIDTH (KHz) 


@ 25°C: 


R5101 


S/N 

| V01 

1 V02 

S/N 

| V01 

1 V02 

S/N 

| VOL 

| V02 

S/N 

1 VOi 

1 

160 

150 

13 

*150 

170 

26 

170 

160 

39 

*130 

2 

150 

160 

14 

180 

180 

27 

80 

80 

40 

170 

3 

130 

120 

15 

170 

180 

28 

160 

150 

41 

150 

4 

160 

140 

16 

90 

90 

29 

160 

160 

42 

*100 

5 

80 

80 

17 

170 

170 

30 

160 

170 

43 

150 

6 

170 

170 

18 

170 

170 

31 

160 

170 

44 

140 

7 

*100 

100 

19 

160 

170 

32 

180 

180 

45 

90 

8 

140 

150 

20 

150 

150 

33 

170 

170 

46 

180 

9 

160 

170 

21 

160 

180 

34 

160 

170 

47 

150 

10 

170 

170 

22 

*70 

90 

35 

180 

180 

48 

100 

11 

130 

140 

23 

130 

140 

36 

160 

160 
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TABLE IV- 8 SCREENING REQUIREMENTS (MIL-STD-883) 
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10. EXTERNAL VISUAL METHOD 2009 



The fifth screening test was the burn-in per Method 1015.2. The 
tenperature was lowered from the specified 125°C to 55°C. This is 
the maximum test tenperature used on these devices and the higher 
tenperature effects were not known until the thermal step stress 
portion of the test was performed. 


Following this 160 hour burn-in the parts were again electrically 
characterized. S/N 23 had again shifted. The gain values on Side 
1 for the three electrical tests were 0.5606, .6551, and .5830. 
One additional device, S/N 31 had a significant increase in clock 
current. This device went from 14 mA to 34 raA. There two devices 
were pulled frou test and held for failure analysis. They will be 
discussed in that section. 


E. Thernal Step Stress Test 


This test was performed to establish the temperatures to be used in 
the 4000 hour life test. The circuit used is the sane one as that 
to be used for the life test. The test plan followed was: 


1. Operate four circuits for 16 hours at +65 °C. Monitor the 

outputs for functionality and also record the power supply 

currents at the start and end of test. 

2. Perform the interim electrical tests at +25°C. 

3. Increase the operating temperautre in 10 °C increments and 

repeat the 16 hour operating test and interim electricals. 

4. Continue 10 °C increments until malfunction or permanent 

parameter shift occurs. Malfunction is defined as the point 

where the output, which has previously reached saturation, no 
longer exhibits a regular time sampled analog pulse train. 
Other malfunction criteria is any significant shift in current 
at temperature. 


As mentioned the output will reach saturation. This occurs 
because the register dark signal doubles every 8 to 10 degrees 
centigrade. The circuit will operate normally with a 
saturated output signal except that input signal control is 
lost, The current flows on each of the 5 power supplies was 
monitored at the start and end of each 16 hour period. There 
was no change on any of the power supplies during the course 
of the test except for the +12 volt line that supplied both 
the clock current and the signal current to the R5101. The 
variation in this current level with temperature is shown in 
Table 1V-9. The current increased up to about 95°C and then 
decreases above that temperature . There is a large decrease 
between 185°C and 195°C. The appearance of the output over 
the temperature range of interest is shown in Figures IV-52 
through IV-57. The small white bar in the lower left hand 
corner indicates the ground level. These photographs are all 
taken with a vertical scale of 1 volt per centimeter and 100 
microseconds per centimeter time base. 











Figure 1V-S4 Output Waveform at lvO°C, R5101 



Flaurc 1V-55 Output Waveform at 


1 70°C . 
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Hie output shown in Figure IV- 5 2 illustrates the normal room 
temperature characteristic. The react voltage level is about 
4.5 volts and the analog output level is about 2.8 volts. At 
125°C the output has changed to that shown in figure IV-53. 

The clock pulse input is at twice the frequency of this output 

pulse and the influence of it can be seen at 125 °C. Both 

voltage levels have moved downward at this point. In Figure 
IV-54 the output characteristic at 150°C is shown# The second 
half of the reset level has flattened out at about 2.6 volts 
and the first half of this level is slanting down toward that 
value. 

The analog output is moving closer to ground potential. At 
170°C in Figure XV-55 the first half of the reset level has 
almost reached the value equal to the second half* The analog 
signal is almost completely at ground. At 185 °C the reset 

level is again moving from one discrete level to the next 
level (Figure IV-56). The change in the waveshape appearance 
is very similar to that which occurred between 125' C and 
150°C. When the temperature is further increased to 200°C in 
Figure IV-57 the reset level is approach ing about 0.8 volts. 

■-J 

The interim electrical readings taken after each 10 °C 
increase in temperature are shown in Table IV-10. Serial 
numbers 43 and 44 exhibited erratic electrical characteristics 
in the 155 °C to 195 °C range. From these erratic electrical 
characteristics, the drop in clock current between 185 °C and 
195°C, and the reduction in the output amplitude above 180°C 
the life test temperatures were selected, lhe temperatures 
were to be kept as high as practical so that enough failures 
would occur to obtain an activation energy and mean time to 
failure information. The upper temperature selected was 185°C 
and the lower temperature selected was 170°C. The parts next 
went into the high temperature 4000 hour life test. 

F. High Temperature Life Test 

The burn-in circuit used for the life test is shown in Figure 
IV-58 . The voltages applied to the device are as shown, The clock 
input, pin 21, receives a 6 volt square wave pulse at 5 KHz. The 
clock monitor and the monitor on the remainder of the lines, allows 
measurement of the signals which are reaching the devices under 
test. If a part failure occurs this should be evident by a change 
in the signal at one or more of these points. The nominal 3 volts 
is applied to Vjq, Vqjj, and Vqq through a 10 kohiti Current 
limiting resistor. A 5 volt Zener is attached to the leads going 
to the devices under test to avoid an inadvertant electrical 
overstress. The analog input, V x , can have a voltage level from 
3 to 6 volts applied to it, Five volts was selected since this 
voltage is the supply voltage for the digital circuitry and it also 
produces an output which can easily be observed to verify 
functionality of the parts in the burn-in circuit. Again a current 
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Table IV- 10b Step Stress Electricals, S/w Wl 
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Table IV-lOc Step Stress Electricals, S/K 4-3, R5101 
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Table IV-lOd Step Stress Electricals, S/II44, R5101 





































































































Uniting resistor and a Zener diode are in thia line# The sync 
input requirst the majority of the control circuitry to drive thia 
device t 7.he clock frequency drive* an R5101 which supplies the ^3 
output signal to generate the timing through two mil ti vibrator 
circuits to produce the sync input signal. This signal forces all 
of the R5101 circuits under test to operate with the same phasing. 
If the sync input occurs at the wrong time or for the wrong length 
of time, current spikes within the clock Circuit or. the CCD can 
result. The construction analysis section discusses the operation 
of this input. Since there are numerous other gates which ere 
stressed by a dynamic test this input could be held at ground with 
very little reliability information being lost, This would 

significantly simplify the burn-in circuit. The 12 volt line going 
t0 V DDC «od V d ds has a Zener diode and a monitor point . There 
is not a current limiting resistor in this circuit, however , the 
power supply was set in current limiting when the devices reached 
the operating temperature. This is an effective way to limit the 
current flow for this input. The reset drains were connected to 
the nominal 9 volts through a 10 kohm limiting resistor and with 
Zener diode overvoltage protection. The three output circuits were 
each connected to a 2 kohm load to ground with these resistors 
being at each socket on the burn-in board. These resistors were 

high temperature wire wound resistors which could operate at up to 
1 watt at 200°C. 

The substrate , clock ground , and signal ground were connected 
together and tied to a common ground. 

The 5 KHz operating frequency was chosen so that the parts would be 
stressed dynamically, however, stray effects related to high 
frequency operation were avoided . 

The two groups of 20 parts each were placed in these burn-in 
circuits and individually measured to verify proper operation. The 
burn-in circuits were then placed in the ovens and the 4000 hour 
life test initiated. S/N 3, 4, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 

16, 17, 18, 19, 20, 21, 22, and 41 were operated at 185°C. S/N 24, 

26, 27, 28, 29, 30, 32, 33, 34, 35, 36, 37, 38, 39, 40, 47, 48, 49, 

50, and 42 were operated at 170 °C. S/N 41 and 42 were two of the 

devices which had been subjected to the thermal step stress test. 
They were utilized to obtain 20 devices in each temperature group. 
Electrical measurements were made at 4, 8, 16, 32, 64, 128, 256* 
500, 1000, 2000, and 4000 hours cumulative. The output of each 
circuit and the monitor points were checked daily. The current 
level on each power supply was read and recorded at the beginning 
and end of each period of test. The 12 volt supplies drew about 
195 mA for the 170rC test and 150 mA for the 185°C test. 

Only one device, S/N 10, from the 185 °C temperature group was 
removed from test during the entire 4000 hours. This part had 48 
microamps of leakage current on pin 15 after 1000 hours of test and 
will be discussed in the failure analysis section. The data 
obtained will be compiled and discussed in the section on data 
analysis. There was little significant shift in the device 
performance during the course of the test. 
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C. Temper at urc Cycle 

At the completion of the 4000 hour life teat 6 devices were 
subjected to 1000 tesipersture cycles. Two devices were taken from 
each of the life test groups and two were removed from test 
following the environmental screen* The temperature cycle test was 
performed in accordance with MIL-STD-883, Method 1010, Condition C 
(150°C to -65°C). 

Electrical measurements were taken before temperature cycling and 
after 20, 50, 250, 500, and 1000 cycles* 

Table IV-ll provides the electrical data on these 6 devices at 
initial test and following 1000 cycles. There appears to be a 
slight decrease in the gain from these data, however, analysis of 
the data during the test indicates that the gain fluctuates due to 
changes in the room temperature at test and also to slight changes 
in the power supply settings* Control samples were not measured 
during this testing. 

H. Overvoltage Test 

Six units were subjected to overvoltage conditions on various pin 
combinations to determine whether there were any combinations which 
resulted in permanent damage to the devices. The pins selected 
included input gates to substrate and overlapping poly silicon 
layers. The following pin combinations were stressed on each of 
the six devices: 3 to 1, 3 to 11, 4 to 1, 4 to 11, 10 to 1, 10 to 

11, 15 to 1, 15 to 11, 21 to 2, 21 to 11, 22 to 2, 19 to 11, 13 to 
8, 8 to 13, 14 to 12, 12 to 14, 9 to 8, and 8 to 9. The first 
number is positive with respect to the second. For all of these 
combinations breakdown occurred between 25 and 45 volts and could 
be repeated numerous times with no change in the level. The parts 
continued to work properly following this test. 

They were then subjected to output short circuit conditions to 
determine if the analog output or the 03 output could be damaged. 
The short circuit current on the analog outputs was approximately 
7*4 mA. The current on the 03 output ranged from 84 to 107 mA. 
With a short circuit condition on these outputs for up to 10 
minutes each, no damage occurred. 

I. Data Analysis 

This section will inc lude a discussion of the deltas which occurred 
during the course of this testing, and statistics on each of the 
parameters measured . Life regression curves were not generated due 
to the small number of failures which occurred. 

Electrical measurements were run at -25 °C, +25 C, and +55°C during 
the initial characterization and following the environmental screen 
tests. Test Control Numbers (TCN) were utilized to keep track of 
the time of test. The TCNs of interest are shown in Table IV-12. 
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TABHJ IV- 

12 TCN LIST. R5101 

TCN 

SEQUENCE 

TEST 

temperature 

0 

INITIAL 

25 °C 

1 

INITIAL 

-25°C 

2 

INITIAL 

55°C 

4 

POST 

ENVIRON 

25°C 

5 

POST 

ENVIRON 

-25°C 

6 

117 

POST 
ENVIRON 
POST LIFE 
TEST 185°C 

55 °C 

, 25°C 

* 

217 

POST LIFE 9 *o 

TEST 1?0°C ■ C 
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Table IV-ll lists the deltas between the initial Measurement* and 
the post environmental screen measurement* at +25°b. Table IV-13a 
shows the control part deltas, and the deltas for the devices idtich 
will go into the 185 °C life test group. Table lV-13b shows the 
control part deltas and the deltas for the devices which will go 
into thit 1 70*1? life test group. 

The average and standard deviation are given at the bottom. On 

Table IV-13a S/N 3 was not utilised for taking this average. This 
part was run three times for TCNO with none of the measurements 

repeatable. There was evidently a poor connection as this part was 
very stable during the remainder of the testing. 

The control average was subtracted from the average value of the 

test parts and this value listed along with the percentage change. 
The only large percentage change is for the noise measurement on 

side 1. As discussed earlier this parameter was very sensitive to 
system noise and device warm-up. This change is not considered to 
be a change in the part's electrical characteristics .The percentage 
change is not listed for the transfer efficiency due to the very 
small number involved. A change of 4 x 10-6 f 0r this reading 

indicates a change of about 10 mV on the voltage read to calculate 
transfer efficiency. This equation was discussed in the electrical 
section. As an example, to get the change of 4 x 10~6, v3 could 

go from 1.80 volts to 1.81 volts with V2 » 3.3 volts and VI ■ 1*7* 

Volts. 

This is too small of a change from which to draw any conclusions. 

Table IV-l3b provides the deltas for the control parts and the 

parts to go into the 170°C life test. The magnitude of the changes 
is similar to that of Table IV-13a. 

Table IV-14 lists the deltas between the initial measurements and 
the post environmental screen measurements at -25°C. Control parts 
are not listed because they were not recorded by the test engineer 
at the same time as the remainder of the parts. They do not reflect 
the same test conditions and are therefore invalid for comparison. 
The comparison does not appear necessary since the largest average 
delta is only 1.1 percent. 

S/N 50 appears to have shifted or one of the two sets of readings 
was in error. The Ijnpc reading shifted by -4.52 and the gain on 
side 1 shifted by -3.5*. The readings on this part during the life 
test will be examined to determine if the part is changing with 
operating stress. 

Table IV-15 lists the deltas between the initial measurements and 
the post environmental screen measurements at +55 °C. The control 
parts are not listed for this group for the same reason as the 
-25°C measurement. They were not recorded at the same time as the 
remainder of the parts. 
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TABLE IV- 13b MEASUREMENT DELTAS, INITIAL & POST ENVIRON. @ 25°C; R5101. 

f - ! M ■ 1 ■ ■ " , - ' J P 


^RD 

(nA) 

/ 

/’W 

(mA) 

2 

(mA) 

/ 

A 

cffsc 

(V) 

/Sidoi 

1 

k%/ 

OyAlO 

'tittle 

■ , 2 „ 

/ , 

ym 

/(mV) 

sidel 

oise/f 

r 2 2ic 

/fmV) 

Side 

-2—- 

foise/ 

'Jjide 

1 

SjTE XJ 

s4tl0“ 

Side 
2 _ 

/ / FOR 170°C 
TE / LIFE TEST 
6/ 

Serial Number 

2 

.08 

.03 

.02 

62 

100 

4 

5 

-2 

1 , 

1 - Control 

3 

* .05 

.05 

.02 

53 

84 

8 

9 

1 

-.3 . 

2 - Control 

2.5 

.065 

.04 ■ 

.02 

57 

92 

6 

7 

-.5 

-1 

Average 

4.4 

.02 

.05 

.01 

.10 

35 

-11 

-1 

7 

7 

24 

6.3 

-.07 

.06 

-.01 

0 

11 

: . . 

4 

-12 

4 

2 

26 

1.2 

-* 13 

.04 

.01 

48 

-19 

7 

53 

3 

1 

27 ______ 

1.9 

-.02 

.02 

-.01 

-24 

-30 

-9 

15 

8 

7 

28 

3.5 

-.1 

.05 

■.01 

24 

7 

-31 

70 

3 

2 

29 

-1 

.07 

.04 

.03 

111 

144 

-2 

-7 

6 

7 

30 

3.2 

.39 

.04 

.04 

145 

174 

17 

-2 

H , 

12 

32 

3.9 

.05 

.02 

0 

171 

21 

0 

3 

1 

0 

33 

3.2 

-.04 

.06 . 

0 

65 

83 

-5 

-1 

5 

3 

34 

-2 

0 

.05 

-.02 

109 

155 

-7 

1 

2 

-3 

i 35 

-2.8 

.01 

.04 

-.02 

87 

99 

-15 

-31 

3 ! 

4 

36 

3.2 

.31 

.02 

.02 

78 < 

86 

9 i 

-38 

-4 

-10 

37 

4.9 

.17 

.06 

.01 

81 

97 

-2 1 

-14 

-2 

-3 

38 

-1 

.43 

.02 

.02 

79 

138 

-2 

-1 

-4 , 

-J3 

39 

-3.4 

.04 

.04 

.01 

14 

39 

-15 

-9 

8 

8 

40 

2 

.09 

.02 

.02 

57 

89 

-9 

-2 

16 

18 

47 

1.9 

.02 

.09 

.01 

-24 

-64 

-14 

-64 

11 

16 

48 

6.9 

.03 

.06 

.01 

13 

-2 

-7 

-1 

14 

16 

49 

2.9 

-.06 

.03 

.03 

132 

96 

-15 

22 

0 

3 

50 

8.1 

.16 

.02 ; 

.01 

65 

73 

-4 

-9 

-3 

-5 

42 

2.4 

.07 

.04 

.01 

62 

62 

-5_.5_ 

-1.4 

4.5 


Average A 

3.1 

.15 

.02 

.02 

55 

66 

10.5 

28.5 

5.7 

7.8 

Standard Deviation 

-0*1 

.005 

0 

-.01 

5 

-30 

-11.5 

-8.4 

5 

4.9 

Average - Control 

-0.1 

<0.1 

0 

-0.2 

<0.1 

-0.4 

-23 

-17 

- 


Percent Change 

80 

13 

1.8 

4.1 

8500 

8500 

50 

50 

9996K 

rmr 

Typical Value 













































































































































































































































TABU: IV- 15a MEASUREMENT DELTAS. INITIAL & POST ENVIRON. 0 55 C 


/ 

/ 


/ 7- y/Gain/oaln/ 

f / R5101 FOR 

CRD/ 

CDDC/1 

CDDS / 

^fse/^10Hk^l0y7^ 

/ 185°C LIFE TEST 

(nA) f(mA) 

f (mA) 

[CV) 

(sidel(side2| f 

Serial Number 


.57 

BBPHI 

.50 

0 

.56 

0 

.36 

.01 

.62 j 


.61 

.01 


-127 


6 -53 


-56 


0 -49 


-51 


.01 -37 


-69 


0 +95 


.38 

0 

.62 

0 

.58 

.01 

.53 

.01 

.51 

0 

.71 

.01 

• 46 

0 

.60 

.02 

.60 

.01 

.96 

.02 

.47 

0 


0 -118 


-25 


-29 


0 -24 


0 -40 


.11 +800 


-51 


,001 .6 


.03 198 


41 


Average 


Standard Deviation 


Percent Change * 


Typical Value 


























































































































































































































































There is more variation in these electrical readings. The fairly 

consistent change in Ird, I ddc , and gain indicates that a 
slightly different temperature was used for this measurement. 

I RD end Iqdc increase with temperature and gain decreases with 
temperature. Calculations on several typical parts indicate a 

difference in the measurements equal to 4®C. The second reading, 
TCN6, was taken at 4°C higher than the first reading , TCN2. 

Serial numbers 12, 22, 27, 29, and 32 have fairly large gain shifts 
in the opposite direction. The percentage change are listed in 
Table IV-16. Those are positive changes while the normal change 

was about -0.5Z. The changes in these readings is apparently due 

to a device shift. The readings on these parts will be examined 
during the life test for shifts with operating stress. 

No conclusive shifts were evident during the environmental 

testing. The life test offers a better data base to determine any 
parametric shifts. 

Table IV-17 provides the delta shifts for the measurements prior to 
the 4000 hour life test and following the life test. The percent 
change has been calculated, however, wit i the large standard 
deviation this is not very meaningful. The maximum and minimum 

changes from Table IV-17 are given in Table IV-18. The deltas for 
the 185 °C group are generally larger than those for the 170 °C 
group. The Ird changes and the noise changes are the largest on 

this table. They are also the least significant as described in 

the electrical section. The Ird reading is the charging current 

for the output transistor gate and was used to check for input gate 

leakage. Microamp level changes would have indicated a gate 
breakdown condition. The changes seen in the low nanoamp level are 
not considered failures. The noise measurements both increased and 
decreased following the life test. This measurement did not find a 
general trend for an increase in noise with operating life. 

There was in general an increase in I DDC , gain, and transfer 
efficiency with time. This may be due to a slight shift in the 
operating point along the transfer function. 

The outliers from Table IV-17 are serial numbers, 6, 11, 13, 16, 

20, 22, 29, 33, 40, 47, 48, 49 and 50. 

The outliers seen prior to the life test were serial numbers 12, 

22, 27, 29, 32 and 50. 

The data sheets for the parts that are in both of these groups are 
shown in Table IV-19. These are S/N 22, 29 and 50. Also shown is 
a control part, S/N 1. 

The delta shifts on the control part are given in Table IV-19a for 
the en it re life test. 
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(V) 

Sidel 
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-22 


j 

L.3 


20.8 
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0 .11 
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2.2 .09 


.08 
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4.4 .02 


3.0 0.20 
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2.6 1 1.8 


80 13 
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.03 


.02 


.01 
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.01 
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Sido2 


-36 


-24 
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-348 
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-253 
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45 


19 
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3 


74 


22 


Sidel Side2 
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Sidctll 


34 23 


-15 


>10 12 -3 


22 

-6 

2.8 

4.9 

158 

138 

15 

7. 8 

54 

24 

2.8 

17.9 

0.6 

0.3 

5.6 

36 

8500 

8500 

50 

50 


Side 2 
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Serial Number 


- Control 


2 - Control 


Average 
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Average 
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Percent Change 
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TABLE IV- 18a MAXIMUN SHIFTS, 1 85 °C CROUP, R5101 


/ 

(nA) 

•^RD^ 

(mA) 

/lddc, 

(mA) 

^DDS^ 

(V) 

*£fseb 

7 

Sldel 

Jba In 

4icr> 

Side? 

^10^ 

Sldel 

yWoli 

Slde2 

Sldel 

at/'CTE 

^xio; 

Si!dei 

I 

75.8 

1,03 

mm 

mm 

372 

338 

40 

23 

67 

62 


95 

7.9 

MM 

1.2 

EBB 

4.0 

— 

46 



«■% 

1 

Percent Change 

-20.8 

-0.01 

SKH 

0 

-342 

-348 

-18 

$ 

-5 

-71 

RBI 

Maximum Negative 

-26 

0 

sn 

0 

-4.0 

HU 

-36 

-10 

. *»- - ■ 

■ ~ . 

Percent Change 

80 

13 

1.8 

4.1 

.85 

.85 

.50 

.50 

mm 

9996K 

) Typical Value 


TABLE IV- 18b MAXIMUN SHIFTS, 17Q°C GROUP. R5101 

1 ~7 ~7 77 /!( /gain/gain/joisvnoise/cte 


:io"^io'5 / xio"3^io‘y' 


(nA) (mA) (mA) (V) SIDE! SIDE2BXDE1 SIDE2 SIDE1 SIDE2 


54 MAXIMUN POSITIVE 


PERCENT CHANGE 


-91 MAXIMUN NEGATIVE 


- PERCENT CHANGE 


.999610 TYPICAL VALUE 


12.9 

1.41 

.06 

.04 

326 

266 

90 

49 

38 

16 

11 

3 

1 

3.8 

BB 

180 

98 


•16.9 

-.10 

-.03 

-.03 

-65 

-54 

-51 

-27 

M 

21 

.08 

MB 

0.7 

0.7 

.06 

100 

54 

i — ■ - 1 " 

80 

13 

1.8 

Ml 

• 

00 

Ul 

.85 

.50 

.50 






























































































TABLF- IV- 19a OUTLIER MEASUREMENT- DELTAS, R5101 S/N 1 (CONTROL) 
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S/N 22 is given in Table lV-19b . The clock current on this device 
ia the highest on any of the 50 devicea tested. This was about 36 
■A. The change of 1.03 nA is a 2.9% shift. This device does have 
a short between transfer electrodes and this will contribute to the 
instabilities. The cause for the high current will be discussed in 
the failure analysis section. 

S/N 29 la given In Table XV-19c. The instability of the gain is 
envident* This is not a continual degradation but rather 
fluctuates with time. 

S/N 50, Table IV**l9d, also exhibits instability with operating life. 

The transfer efficiency does not show degradation with tine as 
postulated. There is a slight increase on nost parts. The largest 
change seen was a -91 x 10-6 on serial number 30. This was a 

change from .999660 to .999569. This represents a change of about 
0.3 volts on the V3 reading. 

Tables IV-20 and XV-21 contain statistics on each of the parameters 
measured except for input leakage current. Table IV-20 covers the 
parameters at +25°C, -25 °C, and ♦55°C at initial characterization. 
The seven devices which had shift register shorts were not used for 
the clock current statistics. The largest variation seen within a 
parameter is the noise measurement. This variation was discussed 
previously. The gain is also seen to vary about 25% from min to 
max. This if due to manufacturing differences. Table 1V-21 covers 
the aame parameters following the life tssf . These include the 
170 °C life test and the 185 °C life test. There is very little 
difference between the pre and post life test statistics. 

The conclusion reached from this data analysis is that there is 
little change with operating life on surface channel CCDs. The 

larger changes seen are on parts that fluctuate during the testing 
rather than changes that would indicate a temperature accelerated 
shift in one direction. 

J. Failure Analysis 

A suimtary of all the R5101 failures tdvich occurred during the 
course of this testing is given in Table IV- 22. Failure analysis 
was performed on these and is discussed below. 

Serial numbers 5 and 25 failed due to leakage on pin 22 at initial 
electrical test. 

Serial number 23 was removed from test following the 160 hour, 55°C 
burn-in. The gain was very erratic at the different measurement 
points. 

Serial number 31 was removed from test following the 160 hour, 55°C 
burn-in. This device had an increase in clock current of 20 mA. 
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TABLE IV-19d OUTLIER MEASUREMENT DELTAS, R5101 S/N 50 
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liable XV-20 Initial Electrical Characterization Pa 
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Table IV-21 Parameter Statistics, Post Life Test, R5101 
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Note 1 - V dd =12 V, 03 out load » 1.5 kohm, V01 and V02 load » 2 kohm, sampling frequency * 62.5 KHz at 
-25% end +25°C, 175 KHz at -F55°C, 

Note 2 - No specifications available for post life test electricals. 


TABLE IV-22 FAILURE SUMMARY, R5101 




Serial number 10 was removed from life teat following 1000 hours at 
185°C. Leakage current on pin 15 had increased to 48 microamps* 

Serial numbers 38, 39, and 42 were analysed following the life test 
to determine the cause for the higher clock current levels on 7 of 
the 50 devices on this study. 

The failure analysis reports were written as they were performed 
and include the history, the cause of the failure, the conclusion, 
and the test method and disclosure. 

The five failure analysis reports follow: 

1. 85101, S/N 5 

History: Part failed initial leakage measurement on pin 22. 

This pin measured 109 microampe, which is the current 
limitation of the test tool. 

Cause: Cause of the leakage current was a dielectric 

breakdown which caused a short between the polysilicon gate 
and the silicon. 

Conclusion: The cause of the dielectric breakdown was most 

likely an electrostatic discharge during handling. This part 1 

was fully functional as received except that it could not be 

synchronized with other devices since the sync ; input was 

shorted to ground . It is likely that this part was damaged 
prior to receipt at MMC but is was not detected to be a 
failure since the parametrics on it were acceptable. 

Test Method and Disclosure: Pin to pin electrical measurement 

found pin 22 (sync input) to be shorted to pin 2 (clock 
ground). This was a resistive short of 1,000 ohms . The input 
structure is as shown in Figure IV-59 and in the photograph in 
Figure IV-60. A portion of the glass passivation was 

chemically removed using hydrofluoric acid fumes. The part 
was mechanically probed and the failure reverified. The 
metallization was mechanically scribed open and the failure 
was isolated to transistor Ql. This is shown in Figure 

IV-61 . The aluminum metallization was chemically removed over 
the poly silicon gate and the short was therefore isolated to 
be between the polysilicon and the silicon. The part was 
examined in the Scanning Electron Microscope and the failure 
site was documented (Figures IV-62 and IV-63). This occurs at 
the oxide step into the thin oxide region for the transistor. 
This is the typical location and appearance for an 
electrostatic discharge overstress. 




10 

CLOCK 
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Figure IV-59 Schematic, Sync Input Circuit, R5101 
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Figure IV-t>2 SKM Micrograph, Failure Site at Arrow, K5101; X6000 






2. R5101, S/N 25 

History: Part failed initial leakage measurement on pin 22. 

This pin measured 1.5 microamps at the 11 volt measurement 
point of the leakage test tool. 

Cause: Cause of the leakage current was dielectric breakdown 

which caused a short between the gate and the silicon. 


Conclusion: The cause of the dielectric breakdown was most 

likely an electostetic discharge during handling. This is an 
identical failure mode to that seen on serial number 5 except 
that it is not as severe. Again it is likely that this part 
was damaged prior to receipt at MMC. 

Test Method and Disclosure: Pin to pin electrical measurement 

found pin 22 (sync input) to have 350 nanoamps leakage current 
at ten volts to pin 2 (clock ground). This part was examined 
on the light microscope and then a portion of the glass 

passivation was chemically removed. Due to the low leakage 
involved an attempt was made to view the failure site 
Utilizing the Electron Beam Induced Current (EBIC) mode on the 
SEM. No site could be identifed. The input transistor was 

then mechanically isolated and the gate probed. This 

transistor was identified as Q1 in the analysis on serial 
number 5. The 350 nanoamps of leakage current was still 

present with the transistor completely isolated. S?M 

examination of the polysilicon gate could not find the 

location of the failure site. 

3. R5101, S/N 23 

: . • • ■ ■ . : i 

History: S/N 23 was removed from the test program following 

the 160 hour, 55 °C burn-in. The gain on side 1 was very 

erratic. The following values were measured for this gain: 

initial * .56, post environmental screen test * .65, post 160 
hour burn-in “ .58, at time of analysis * .67. 

Cause: The cause for the shift in the gain was a shift in the 

low level output voltage used to calculated the gain. This 

voltage shifted from 1.87 to 2.01. The upper voltage stayed 
at about 2.55. 

Conclusion: The operating range on this device was narrower 

than on most of the other circuits. This lead to a nonlinear 
and very temperature sensitive’ output voltage level for the 

low level. This caused the gain to be erratic. The operating 
range is affected by many manufacturing parameters and the 

fact that this part is different does not mean that it is a 

failure but only that there was a variation in its 

construction. 
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Teat Method and Disclosure: Pin-to-pin electricals found no 

leakage currents* It wasr then operated in the test, tool and 
the low level output used in calculating the gain was found to 
be erratic and very temperature sensitive. 

The input voltage was varied and the output level measured . 
S/N 39 was used as a control. These values are given in Table 
IV-23. 


TABLE IV-23 ELECTRICAL CHARACTERISTICS, R5101 


_ 1 


v 0UT 

S/N 23 

1.94 1.94 1.94 2.00 2.07 2.14 2.20 

S/N 39 

1.42 1.56 1.78 1.86 1.94 2.02 2.09 


This shows that the lowest level the output can go to is 1.94 
on S/N 23. 

The part was opened and examined on the microscope with no 
apparent problems noted. 

4. R5101, S/N 31 

History: Serial Number 31 was removed from test following the 
160 hour* 55 degree C burn-in . There was an increase in the 
clock current from 14 mA to 34 mA. The current measured 
inmediately prior to the failure analysis was 29 mA. 

Cause: The cause of the increase in the clock current was a 

layer to layer short between the 03 and 02 clocks. 

Conclusion: There was contamination present on the die 

surface which occurred during the manufacture of the part 
following the deposition of the first polysilicon layer and 
before the second polysilicon layer. Due to the increased 
surface relief and the location of this particle, the 
insulating oxide layer did not provide adequate electrical 
isolation between the two layers. A sight decrease in the 
transfer efficiency from .99976 to .99969 on side 1 and from 
,99977 to .99972 on side 2 was caused by this short. This and 
the increased clock current were the only parameters affected 
by this short. Additional analysis will be performed on the 
other 7 devices which exhibited high current during this 
testing. These parts did not shift during the course of the 
program but the high current is likely indicative of a similar 
type of condition. 

Test Method and Disclosure: Electrical Measurement using the 

test tool verified the high clock current. It was determined 
that this high current could be produced by setting the sync 
input, the clock input, the substrate and clock ground at 
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ground and taking V DDC high. This DC configuration would 
allow the part to be more easily probed to isolate the 
failure. Utliliaing the schematic developed during the 
construction analysis several points within the circuit were 
probed. No abnormal readings were noted. Voltage drop 

measurements were then taken along the V DD c metallization to 
follow the current flow into the device. The U3 output 

transistor was found to be drawing the high current. This 
indicated that there was a short in the Shift register 
section. The voltage levels on the output of 03 were then 

measured. The high level was 3.0 volts and the low level was 
0.47 volts. It appeared that the output was supplying current 
when the output level was high and was sinking current when 
the output was low. Measurements between 03 and the other 
three clocks found a resistive path of about 200 Ohms to 02. 
A control part was opened and probed at this point to verify 
that this condition should not exist. 03 to the other three 
gates measured open as expected. Voltage drop measurements 
were then made along the 03 metallization to find the point at 
which the high current flow stopped. This point will be 
apparent when the voltage drop between two adjacent points 
goes to zero. This point was isolated to be in the third 
column of the shift register and the most likely site was 
photographed and is shown in Figure IV-64. Further probing 
was performed at this time and the failure site was verified 
to be between the two probe marks seen in the SEM micrograph 
in Figure IV-65. The short is between the bottom layer 
polysilicon which is connected to the center metallisation 
stripe and the overlying poly silicon which is connected to the 
metallization on the right hand side. This area includes two 
electrode pairs. Examination of these two electrode pairs 
found the site shown in Figures IV-66 and IV-67. This 
contamination occurred during the manufacturing process 
following the first polysilicon deposition and created a weak 
point in the oxide isolating the two poly silicon layers. 

R51Q1, S/N 10 

History? Serial Number 10 was removed from the 185 °C life 
test group following 1000 hours of test. Pin 15 measured 48 
uA at this time. In addition to S/N 10, serial numbers 8, 13, 
21, 37, 38, and 48 were analyzed at the end of the life test 
for leakage conditions. 

Cause; The cause of the leakage was junction degradation on 
the input protect network. 

Conclusion; The current leakage developed due to the high 
temperature reverse bias operation of the input protect 
transistor. The pins that were found to develop leakage 
current were those which were physically closest to the output 
amplifier. This area would be at the highest temperature on 
the chip due to the power dissipation in the amplifier. The 
increased die temperature would increase the leakage currents 
in that area. This increase in leakage would then enhance any 
current generation sites along the junction* 
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Figure IV-66 SKM Micrograph, Failure Site, S/N 31, K5101; X3700 

I 



Figure 1V-67 SKM Micrograph, Failure Site, S/N 31, R5101; X6500 
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Test Method end Disclosure: Serial number 10 was analyzed 

first. Pins 13, 14, and 15 were found to be leaky to pin 11, 
The input structure is shown in Figure IV-68. Pin 13 is 

identical to pin 14 except that it goes to the upper 

transistor in the Figure* The package was opened and the die 
was examined. No anomalies were noted. The input circuitry 
was documented and is shown in the photograph in Figure 

IV-69. Input pins 14 and 15 and the signal ground 

metallization going to pin 11 are labeled. The metallization 
was mechanically scribed open to isolate the input protect 

circiutry from the gate and from the signal ground 

metallization (Figure IV-70). The leakage current was 
isolated to the input protect circuitry, The remaining 

metallization was then stripped to isolate the input protect 
gate from the input protect source. Mechanical probing found 
no leakage to the transistor gate. The above analysis 

isolated the leakage to be related to the junctions on the 

input protect network, Work was then performed on serial 

numbers 9, 13, 21, 37, 38, and 48. 

Table IV-24 lists the leakage currents measured on pins 10, 
13, 14 and 15 on these units. Electrical measurement on pins 
Zt 3 , 21 and 22 found no leakage, 

The following voltage levels were on these pins during 
burn-in: 3-iV, 4-5V, 10-3V, 13-9V, 14-9V, 15-3V, 21-5VAC, 

22— 5 VAC. There is no apparent relationship between the 

leakage current and the voltage stress . The 4 pins which had 
che leakage current were all along one side of the I.C. chip 
with pin 15 being physically closest to the output amplifier 
and pin 10 being the furthest away. This appears to be a 
contributing factor to the leakage. 

The leakage current on two devices was characterized with 

temperature. A control unit was measured up to 180 °C and the 
leakage current was found to double for approximately every 
10 C increase. Tit is part measured 104 nA at 180 °C. 8/N 8 was 

measured up to 70 °C. The leakage on it also doubled for 
approximately every 10°C increase. This reached 160 nA at 
70 °C. The indication from this is that the leakage of the 
failures is related to junction leakage. 

The conclusion is then reached that the leakage is temperature 
induced junction leakage. 

6. R5101, S/N 38, 39, and 42 
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TABLE IV- 24 LEA 

RACE 

CURRENT DATA, 

Failure ANALYSIS, 

R5101 


| SERIAL NUMBER 

| 8 

13 

21 

37 

38 

48 1 

PIN 

10 

0 

7 

3 

4 

0 

90 

13 

2 

300 

200 

100 

25 

3 

14 

3 

1400 

1200 

15 

35 

2 

10 

4 

1400 

300 

45 

50 

40 


ALL MEASUREMENTS IN NANOAMPERES 
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History: The clock current level on 43 of the 50 Reticon 

R5101 devices was 13 + 1 mA. The other 7 devices had clock 
currents as shown beloiT. 


S/N 

I DDC ("A) 

7 

31 

13 

30 

22 

36 

37 : | 

21 

38 

34 

39 

30 

42 

33 


The cause for this higher current level was analyzed by taking 
voltage level measurements on S/N 7, 22, 38, 49 and 42. 

Serial numbers 38 , 39 and 42 were then chosen for failure 
analysis. 

Cause: The higher current levels were due to incomplete 

etching of the lower poylsilicon layer which created shorts 
between the 01 and 03 electrodes. 

Conclusion: The lower level polysilicon is etched to form an 
interdigitated pattern with the "fingers*' going to one side 
being attached to 01 and the "fingers" going to the other side 
being attached to 03. When the polysilicon is not completely 
etched a short results between these two gates. These were 

found to be typically about 500 ohms. The circuit operation 

did not seem to be parametrically degraded due to this 

condition, except for a reduction in bandwidth. These 
circuits had bandwidth that ranged from 50-140 KHz while the 
other parts were typically 160 KHz. 

Test Method and Disclosure: Measurement of the 03 out signal 

on devices which had the higher current flow found the high 
level to be about one volt below normal and the low level to 
be about one half of a volt above normal, This condition 

existed on the five circuits measured, S/N 7, 22, 38, 39 and 
42. 

Mechanical probing of 03 on S/N 38 and 42 found both to be 
shorted to 01. Voltage drop measurements along the 01 
metallization allowed the failure sites to be located. 

The photograph in Figure IV-71 is of the short on S/N 38. 
This shorts the two 01 electrodes to the 03 electrode between 
them. 


141 





The photograph in Figure 1V-72 is of the short on S/N 42. 
This produces the same type of short as on S/N 38. The 03 
electrode coming from the right hand side does not terminate 
like the gates above and below it. It is continuous and 
connects 03 -,o 01, 

S/N 39 was opened and a small drop of temperature sensitive 
nematic liquid crystal was placed on the surface. Power was 
then applied to the device using a curve tracer and the 
failure site was observed (Figure IV-73). The change in 
alignment of the liquid crystals allows the current path to be 
visible. Figure IV-74 shows this same area with the liquid 
crystal removed. The current flowed from 01 to 03 via the 
poly silicon connecting the two in the middle. 

All three failure modes were identical and were due to a 
masking or etching defect. 

Conclusions and Recommendations 

This section will address the objectives established for this study 
and provide a summary of the results. 

1. Design Strengths and Weaknesses 

The R5101 has an on-chip clock generator and driver circuit. 
This eliminates timing difficulty associated with external 
phase clocks. The voltage level required is only 5 volts for 
the square Wave clock input. This is in contrast to 13-15 
volt clocks required on the CCD321A. 

With an on-chip generator the phase relationship between the 
clock input and the four clock drivers has to be established 
by a separate sync clock input. This requires the development 
of the proper timing for this input if synchronous operation 
is required. 

The R5101 has two output signals , however, one is only delayed 
one-half of a sample time from the other and is identical in 
magnuitude. These two signals can be summed by using an adder 
circuit. This does not change the available bandwidth 

capability since the sampling frequency is set by 02, 

The transfer function on the R5101 produces a low output for a 
high input and vice-versa. This may cause some confusion for 
the user. 

The R5101 is manufactured utilizing the surface channel charge 
coupled device technology. The transfer efficiency and 

bandwidth were found to be lower for this technology than for 
the Buried Channel CCD. The transfer efficiency is still very 
high and is not likely to create a problem for most 
applications. The bandwidth was on the order of 160 KHz. 
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Failure Modes 

.'••'• '1 

The R5101 utilizes MOS structures and therefore require 
special handling relative to electrostatic sensitive parts* 
Two devices were received with damaged gates on the sync 
input* It is likely that this input is not properly tested 
prior to shipping of the parts since it is not required to 
test functionality. An input leakage test should be performed 
by the vendor or at incoming test., 

Current paths between the two polysilicon layers and between 
adjacent electrodes in the same layer are also a prominent 
failure mode. Two conditions were found to cause this on 
these parts. One part had a large increase in clock current 
due to a particle within the shift register section which 
resulted in a current path between two clock electrodes, one a 
polyl electrode and the other a poly2 electrode. Incomplete 
etching of the first polysilicon layer created high current 
conditions on 7 devices due to Current paths between the 01 
and 03 clocks. These parts can be detected by their 
abnormally high clock current or their low bandwidth. The 
remainder of the parameters showed little difference. 

Several devices developed low level leakage on the input 
protect structure with operating life. This is not considered 
to be a reliability concern as it is unlikely to cause device 
failure with normal operating life. 

Parametric Measurements 

The manufacturers data sheet consists primarily of a list of 
operating conditions at this time. The only performance 
parameters listed are clock current and gain. The following 
parametric measurements would have adequately screened the 
defective and marginal parts received and are therefore 
recomnended for use in future procurement: 

a. Device Power - A high reading of clock current indicates 
a probable short within the clock circuitry or the shift 
register electrodes from Table IV-20 it is recommended 
that this value be 15 mA at 25 °C under the test 
conditions specified therein. This value is about 5.4 
standard deviations above the mean value of 13.12 mA in 
Table IV-20. Thus indicating the probability of 
rejecting a good part is extremely low, less than 
.000012. All H bad” parts would be rejected and were much 
greater than 15 mA. 

b. Input Gate Leakage - Leakage to a MOS input indicates a 
degraded structure. All good parts tested was less than 
0.1 microamps at 25°C. 


c. Operating Point - This test would verify that the device 
wijll aork with the input range required. This can be 
performed by monitoring the output waveform resulting 
from a low frequency sine Wave input. The good devices 
which successfully performed under high stress test 
passed an initial test of 1.0 volts peak " to peak 
operating around a 4.5 volt d.c. input, (VIC * 3.0V). 

d. Gain - This parameter should be measured in conjunction 

with the operating point. It is recommended that a 
minimum value of 0.5 b# specified with an input per para, 
c ahoye. Again, this value is about 5.4 standard 

deviations from the side 1 mean value of Table IV-20. 
(Side 2 is 6.4 standard deviations.) 

e. Bandwidth - The bandwidth, or a test to verify the 
functionality of the device at the desired operating 
frequency should be performed. This type of test is a 
necessity since the remainder of the parameters could be 
acceptable but due to manufacturing variations some of 
the parts may not work at higher frequencies. The 
manufacturer's specification of 12.5% of the sampling 
frequency should be used. At a 1 MHz sampling frequency, 
good parts will have a bandwidth greater than 125 KHz. 

4. Burn-In Circit 

The burn-in circuit utilized for this study provides dynamic 
operation of these circuits. A simpler circuit will be 

adequate. This would consist of the circuit of Figure IV-58 
except the sync input timing is not required. 

5. Changes to Upgrade Reliability 

These circuits are very temperature sensitive and operate in a 
limited temperature range. The parts operate very reliably in 
the range of -25 °C to +55 °C when screened as reconraended 
herein. These limitations are inherent in the devices , 
themselves and no reconmendations can be made at this time to 
improve performance in this respect. However, these parts are 
not damaged by operation at temperatures up to 125®C and even 
greater. Additional characterization to determine performance 
parameters and operating limitations at higher temperature 
will yield data which may be use ful in specific applications. 

6. Screening Reconmendations 

The electrical screening should be as discussed in para. 3 
above Environmental screening was performed per MIL-STD-883 , 
Method 5004. The results of the life test indicates that this 
was adequate to provide reliable devices. The parts do not 
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degrade due to exposure to temperature extremes of -65 °C to 
+150 °C. The 160 hour burn-in was perfonsed at 55 °C. No 
maximum operating temperature was specified in the 
manufacturer's data sheet. 55°C was utilized since this was 
the maximum temperature specified for the CCD321A and this was 
the temperature used for the 160 hour burn-in on that device. 
The results of this study indicate that this can be increased 
to the 125®C level specified in Method 1015. 

7. Application and Derating Guidelines 

The R5101 is an analog delay line intended for audio 
signal-delay applications. Some of these applications were 
discussed in the introduction. New applications are being 
developed as the technology progresses. 

There was no evidence that device derating is required. The 
outputs were operated for the 4000 hour life test at 2000 ohm 
loading with no adverse effects. 

8. Degradation of Charge Transfer Efficiency with High 

Temperature Operation 

There was no evidence of a decrease in the transfer efficiency 
with operation at up to 185 °C. These parts are limited to 
operating temperatures well below this point so this mechanism 
is not expected to be a factor in the operation of these 
circuits. 




V. FAIRCHILD CCD321A-2 

A. Physical Construction 

The CCD321A-2 is a buried channel CCD. The following section will 
discuss its construction. This will include physical dinensions 
and type of package , residual gas analysis, C-V curves, circuit 
schematics, microsections, and examination of the individual layers 
on the die. 

1. Package 

The CCD321A-2 is in a 16 pin ceramic dual-in-line package 
(Figure V-l). This is a multilayer side braze construction 
with a braze sealed metal lid. Pin 1 is marked by a B on top 
of the ceramic. The metal lid is electrically connected to 
pin 8, Vgg, There arc 8 leads on each side of this package 
at 0.1 inch spacings. The package width is 0.3 inches. The 
serial number was placed on the pa'ckage to keep device 
identity during* the course of the testing. 

2. Residual Gas Analysis 

The RGA was performed as discussed in the R5101 section. The 
CCD321A-2 package is smaller than the Reticon package with an 
internal volume of approximately 0.05cc. This is an adequate 
quantity of gas to do an analysis and created a pressure rise 
of 125 microns within the puncture tool. 

The table below lists the gases detected and their mole 


percentages : 
Gas 

S/N 17 

S/N 0 



Nitrogen N2 

99.26 

99.35 

Oxygen O2 

.50 

.17 

Water H20 

<.01 

<.01 

Carbon Dioxide C0 2 

.16 

.37 

Methane CH4 

.04 

.07 

Argon Ar 

.03 

.03 


This is an acceptable gas ambient and does not represent a 
reliability concern for this device. 


PRECEDING PAGE BI ANK NOT FILMED 
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Capacitance Versus Voltage Plots 


The physics of the analysis of C-V curves was covered in the 
R51QI section and will not be repeated here. On the CCD321A 
the C-V plots were taken between pins 3 and 5 and pins 12 and 
13. This was performed on serial numbers 8 and 45. Pin 3 » 

Vu, Pin 5 * Ksa» Pin 12 » Vrb» and Pin 13 * V™. 
These pin combinatione allowed for C-V plota to be made 
without the need for mechanical probing of the chip, flg^ 

and Vgu are gates and Via and Vig aru contacts to n-type 
material beneath these gates# 

The shift in the transition point ranged from 0.15 volts to 
0.6 volts. The thickness of the oxide in this area was 
estimated to be approximately 800 Angstroms. The range of 
values forQ 0 /qis shown in the following equations: 


4V 

&v 


0. 15 to 

V 


0.6 





C « 

O 

C » 
o 


K o o B (3.9) (8.8 6 x 10" 14 F/cm) 
X o 800 xllO^cin 

4.32 x 10" 8 F 


, Q o 
min — — ■ 

q 

max « 

q 


(.15) (4.32 x 10" 8 F) 


1.6 x 10' 


•19 


• » 4 x 10 


coulombs 
8 


(.60) (4.32 x 10 ° F) 

m 

1.6 X 10 coulombs 


“ 1.6 X 



These values are in an acceptable range of mobile ion charge 
density. The readings are shown in Table V-l and the curves 
are drawn in Figures V-2 thru V-5. The parts were biased at 
15 volts and heated to 300 °C for 10 minutes. They were then 
allowed to cool down under bias and the C-V readings taken. 


TABLE V- la C-V PLOT BATA, S/8 8; 321A 
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TABLE V-lb C-Y PLOT DATA, 45, 321A 













12 3 4 

VOLTAGE 

Figure V-3 C-V PLOTS, S/N 8, Pins 12-13, CCD321A 






CAPACITANCE - NORMALIZED 


: 


1.00 

.98 


.96 



12 3 4 5 

VOLTAGE 

Figure V-5 C-V Plots, S/N 45, Pins 12-13, CCD321A 
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They were then annealed *K 100 °C for 10 ainutee without bias 
and the final readings taken. From the Figures it is evident 
that the transition point for the pin 3-5 aessurement is 

different than that for the pin 12-13 measureaent. This is 
the work function difference between the two polysilicon 
layers. Pin 5 is connected to the polyl layer and pin 12 is 
connected to the poly2 layer. There is approximately three 
volts difference in this flatband voltage and this provides 
the directionality associated with charge movement in the 

channel as trill be discussed in the following section. 

4. Schematic 

The CCD321A is a 455/910 bit analog shift register. It 
contains two separate 455-bit shift registers which can be 

connected in series to form a single 910-bit shift register. 
A functional schematic from the Fairchild data sheet is shown 
in Figure V-6. This shows the two separate shift registers 

and output amplifiers. The analog inputs and Vjg are 

on the input to the channels, followed by the sampling gate 

?SA and 0sg, the reference gate Vra and Vrr and then 

the shift register channel. Vj is a DC voltage which goes 

to alternating pairs of gates in each channel and 0 ja and 

01B 8° t° the other alternating pairs of gates. Hie output 

amplifier for both sides is identical. The sections will be 

covered in detail and their physical location and structure 
discussed. 

An overall die photograph is shown in Figure V-7. The shift 
register inputs are on the outside edges of the die. The 

shift register then traverses back and forth across the die 

until the output amplifier in the center of the die is reached. 

a. Input Circuit - The purpose of the input circuit is to 
introduce charge into the CCD channel. The amount of 
charge introduced is linearly dependent upon the 

difference between Vj an d y R . These voltage levels 
can vary from 3 to 7 voltu. A schematic representation 

of this input is shown in Figure V-8. Since there are 

two layers of polysilicon the gates are shown as solid 

lines for the bottom layer, polyl, and as dotted lines 
for the top layer, poly2. A cross-section representation 
of this is shown in Figure V-9. Below the cross-section 
is a representation of the potential wells produced 
beneath the gates. A photograph of this area is shown in 
Figure V-10. At time T1 with 01 high, there is charge 
present beneath the 01 gate electrodes. The cascade 
effect is produced by the work function difference of the 
polyl and poly2 layers. V2 is at a fixed potential of 

about 7.5 volts while 01 goes from 0 to 15 volts. This 

produces the stair step condition seen with either 01 
having the deepest well (Tl) or V2 having the deepest 
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Figure V-7 Die Photograph, CCD32LA; Xffl 












veil (T2). At time T2 the c* avge wh cu aas Srnesth the 
01 polyl electrode moves to the eree beneath the V2 polyl 
electrode. Aleo et this time 0S goes high vhich ellova 
the input charge to move into the area beneath the Vg 
gate. The amount of chatge which ia introduced into the 

ahift regiater ia then controlled by two voltagea. Theae 
voitagea control the depth of the well under Vg, with a 
higher potential producing a deeper well, and trie amount 
of the reverae biaa on the input diode, with a lower 
reverae biaa aupplying aore electrona. In the Figure, 
Vg ia at 6 volta and Vj ia at approx mately 3 volta. 

When 0S goea low the sample will be locked into the area 
under the V R electrode. Thle ia ahown at time T3. The 

charge will then be tranaferred into the ahift rogiater 

when 01 goea high (T4). 

e 

Thia Figure then ahowa how the input aignal ia aampled 

each time tfs ia high, and that the 01 clock with the 

fixed V2 electrodes, transfera the charge down the shift 
reg*‘ ster. 

b. Shift Register - The structure of the gates over the 

shift regiater was shown in the input circuit section. 
The Vj and 01 electrode pairs alternate the entire 
length of the channel. A portion of the ahift regiater 

including the corner structure is shown in Figure V-ll. 

c. Output Amplifier - The output amplifier ia shown in the 

schematic in Figure V-12 and in the photographs in 
Figures V-13 and V-14. Figure V-13 shows the overall 

amplifier section. Figure V-14 shows the interface 

between the channel and the output. A cross-sectional 
view of the interface between the shift regiater and 

output amplifier is shown in Figure V-15. Thia shows the 
Vj, 01 » v 2 electrodes which transfers the charge into 

the n+ source diffusion of transistor Ql. This diffusion 
is precharged when 01 goes high. The amplifier section 

is more complicated than that of the R5101. Transistors 

Q3, Q5, and Q10 are resistive components to ground. 

Transistors Q6 and Q8 are always biased on and therefore 

are series conductors. The charge which reaches the 

source diffusion of Ql will decrease the conductivity of 
Q2 which lowero the voltage to the gate of Q4. This 

decreases the conductivity of Q4 and thus lowers the 

voltage level that is tranferred to the gate of Q9 when 

0R is high. The output voltage will decrease when the 

input voltage decreases and increase when the input 

voltage increases. The amount of charge transferred is 
inversely related to the input voltage leve 1 . 

The transistors in this section are depletion mode field 
effect transistors. 
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4* Input Protect Circui: - input* uliich gr to a single 

gat* on the chip have an input protect cucuit as shown 
in the photograph in Figure V- lb ami in the schematic in 
Figure V-17. These inputs include an ^ jfo 

The other gate inputs are protected as shown .In tne 

photograph in Figure V-18. These inputs include 01 and 

v 2. The first protect network includes a series 
polysilicon resistor followed by a diode with the 

substrate as the anode. The other inputs only have the 
diode. The probable reason for this is that due to the 

higher capacitance of the multiple gates a series 
resistor would limit the operating frequency of the 
device and the higher capacitance makes these inputs less 
susceptible to ESD stress. 

5. Scanning Electron Microscope Examination 

The integrity of the metallisation and the polysilicon were 
judged utilising MIL-STD-883B Method 2018 as the criteria. 

The passivation layer was examined and is shown in Figure 

V-19. This is the edge of the opening for the bonding pad 

with the bottom right-hand side being exposed aluminum and the 
t u and left-hand side being covered with passivation. This 
passivation was seen to be quite thin with portions of the 

aluminum being exposed along the traces. The passivation 
covering hillocks along the aluminum traces could not be 
adequately protected by photoresist and were etched during the 
bonding window opening etch. 

If there are particle* present they may bridge between 

metallisation stripes and create shorts at these exposed 
areas. The other concern is that the aluminum can now be 
attacked by any corrosive chemical which may be encapsulated 

within the package. One failure occurred during the life test 
which may haw been partly due to this condition. 

Hydrofluoric acid fumes were used to remove the passivation to 
allow examination of the metallization. A 1 ow magnification 
view of metallizat ion and polysilicon at a corner is shown in 
Figure V-20. Metallization coverage in a portion of the 
output amplifier is shown in Figure V-21 and for the contacts 
to the shift register electrodes in Figure V-22. The 
electrode contact windows were the worst case step coverage 
seen on this device. They were acceptable per the 

spec i f icat ion. A higher magnification view of these are shown 
in Figures V-23 and V-24. Figure V-23 is the 0 \ contacts to 
the poly 1 on the right and the poly2 on the left. Figure V-24 
is the V2 contacts to the polyl at the bottom and the poly2 at 
the top. The metallization is approximately 1 micron thick. 
There is not a reliability risk associated with the coverage 
on this part. The aluminum metallization was then removed 
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Figure V-20 SEM Micrograph, Corner Structure, CCD371A; 
340X 
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Figure V-21 SKM Micrograph, Metallization Coverage 
CCI1321A; 1600X 


V- 2 2 S EM M i c rogra ph , Me t a 1 1 i 
CCD321A; 1600X 


it ion Coverage 













using Transene Aluminum Etchant. The oxide layer between the 
aluminum and the polysilicon was seen to be about 6,000 
angstroms thick at thia time. The area which was shown in 

Figures V-22 through V-24 was again photographed and is shown 
in Figure V-25. The oxide layer was then reawved using 

hydrofluoric acid fumes and the polysilicon layers documented. 

Figure V-26 shows the output amplifier as well as the 

surrounding areas. The poly2 layers appear darker in the SEM 
micrographs. The interface between the shift register and the 
output amplifier is shown in Figure V-27. This type of 

examination was used to determine which layer of polysilicon 
was used for the gates in the amplifier to develop the 
schematic. An input structure is shown in Figure V-28. A 
portion of the input protect circuit is visible in the upper 
left and then the input gates and shift register. Step 
coverage over thermal oxide steps for polyl is shown in Figure 
V-29 and the poly2 coverage is shown in Figure V-30. The 
poly2 coverage over the polyl is shown in Figures V-31 and 
V-32. As is apparent this coverage is excellent. The 

polysilicon layers are 3,000 to 4,000 angstroms thick and the 
insulating layer between them appears to be about 1,500 to 
2,000 angstroms thick. TVo views of the polysilicon at a 
corner are shown in Figuies V-33 and V-34. Figure V-34 shows 
the surface relief in this area. 

The interconnections to the polysiicon gates are shown in 
Figure V-28. The first gate, fS, is the lower level 
polysilicon (polyl). The second gate is VR and then the shift 
register begins. The first gate in the shift register is a 
polyl, 8l connection. The next two gates are connected to 
V2. The first gate in this and each pair is a poly2 layer. 
The next pair is then connected to 01. Thia pattern repeats 
along the entire shift register. 

The SEM examination of the conducting layers found all to be 
acceptable . 

6. Diffusions and Polysilicon Conductors 

This section will discuss the diffusions used on this chip and 
will show these diffusions and the polysilicon conductors in 
cross-section. 

The input protect diode, the input diode, and the output 
amplifier source and drain diffusions are produced by an n+ 
diffusion. The shift register diffusion for the channel is 
produced by a shallow diffusion which is likely formed by ion 
implantation. An overall view of the chip with the conductor 
layers stripped is shown in Figure V-35. This shows the input 
protect diodes, the shift register, and the output amplifier. 
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Figure V-26 SEM Micrograph, Output Section, CCD321A; 
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Figure V-2 7 SKM Micrograph, Polysilicon Coverage, CCD321A; 
700X 
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TFa input to the eh ift register snd Uto infut protect diode 
ere «hown in the phot graph in Figure V-36. The darker area at 
the start of the shift register ia the ne diffusion. The 
appearance of the shift register corner ia shown in Figure 
V-37. The interface between the shift register and the output 
amplifier is shown in Figure V-38. Again the darker areas ara 
the n ♦ diffusions. The overall amplifier is shown in Figure 
V-39. A cross-sectional view of the shitt register is shown 
in Figure V-40. The shift register channel is the area which 
appears as the higher region between two tuba. This area has 
a thin ion- iapl anted layer which is the lighter colored 
material in the channel. This layer is on the order of 2,500 
to 3,000 angstroms thick. A portion of the output amplifier 
ia shown in Figure V-41. Coing from left to right on this 
photograph are a non-diffused area, a drain diffusion, an 
ion-implanted gate region, a source diffusion, and another 
ion-implated gate region. The drain and source diffusions are 
approximtely 1.5 microns deep. 

Figures V-42 through V-44 show the polysilicon layers. Figure 
V-42 shows the aluminum metallization above the polysilicon 
and illustrates the dielectric isolation between these 

layers. Figure V-43 shows the overlapping polysilicon 
structure. The right-hand side of the photograph is the shift 
area region and the left-hand side is the region between 

channels where the poly ail icon is well above the silicon 
surface. Figure V-44 shows ore polysilicon layer crossing 

over the other layer. This occurs between adjacent shift 

register channels since the direction of charge flow reverses 
itself at each corner and therefore the polyl and poly2 layers 
that are connected together also have to reverse their order. 

B. Electrical Characterization - Ceneral 

The Fairchild CCD321A data sneet is given in the Appendix. These 
parts were obtained through a local distributor. 

The first group of parts failed due to poor bonds between the gold 
interconnect wires and the die. Analysis of these bonds indicated 
too low of a temperature during the thermocompression ball bonding 
operation. Aluminum ultrasonic bonding was utilized on the second 
group of parts, which wet* obtained at no cost from Fairchild. 

The second group of parts had 32 out of 50 devices develop leakage 
current during initial electrical and environmental screen tests. 
These failures were due to breakdown between the two polysilicon 
layers. Fairchild is aware of this problem and should be able to 
solve it. 

A third group of parts was obtained at no cost and were used for 
this study. Failures occurred due to layer-to-layer breakdown, 
however, not to the extent seen in the second group. 
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Operating Parameters 


Electrical characterization of each of the three groups of 
parts was performed to determine their operating range. They 
were operated in the test tool shown in Figure V-45. This 
tool was designed specifically to operate the CCD321A and 
perform the electrical tests to be described in this section. 
The voltages and signals required to operate this circuit are 
shown in Figure V-45 and in Table V-2. 

In Table V-2, the first voltage given is the output drain 
voltage, Pin 16. This voltage is supplied to the output 

amplifier and to the output load. In the test tool with an 
emitter follower load the current flow is primarily in the 
output amplifier. The current level ranged from about 4 to 7 
mA. 


The DC transport voltage is typically given as 6 volts. This 
level is dependent upon the level of the transport clock 

voltage and should be approximately one half of its peak 
value. This level was set at 6.5 volts in the test tool which 
is one half of the clock voltage level. This voltage is 

applied to alternate pairs of electrodes along both shift 
register A and B. 

The analog reference inputs can vary from approximately 3 to 7 
volts. Signal charge injection is proportional to the 

difference between the input DC level and this analog 

reference input. In the test tool VR, going to pins 4 and 12, 
was set at 5 volts. 

The transport clocks, 01A and 01B are typically 13 volts. In 
the test tool, an open collector output and gate was utilized 
to provide this level. The frequency of operation and the 

timing are provided by the oscillator and logic gates shown in 

Figure V-45. il is a square wave at 62.5 KHz. This clock is 

connected to alternate pairs of gates in the shift register. 

A full discussion of the transport clock is given in the 

construction analysis section. 

The input sampling clock and the output sample and hold clock 
are given as typically 13 volts. In the test tool these two 

clocks are connected together. The timing requirements 
between <ll and iS are given in the data sheet. In the test 

tool US an ffR go high 2 microseconds after Jtfl goes low and 
then goes low 2 microseconds before 1 1 returns high. (Figure 
V-46). The top trace is i 1 and the bottom trace is t S. These 
traces are at 10 volts per vertical division and 5 
microseconds per horizontal division. 
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TABLE V-2 OPERATING VOLTAGES, CCD321A 


p tmti t 


RANGE 

FUNCTION 

DinOUL 

MIN 

| TYP 

| MAX 

OUTPUT DRAIN 

V DD 

14.5 

1 . 

15.5 

DC TRANSPORT 
MAM 

V2 



6.0 


ANALOG REFERENCE 
INPUTS 

VRA, 

VRB 


3-7 


TRANSPORT CLOCK 

01A, 

01B 

12.0 

13.0 

15.0 

INPl'T SAMPLING 
CLOCK 

0SA, 

0SB 

12.0 

13.0 

15.0 

OUTPUT SAMPLE & 
HCIJ) CLOCK 

0KA, 

0RB 

12.0 

13.0 

15.0 

INPUT DC LEVEL 

VIA, 

VIB 


3-7 



189 


PPFCEDING PAGE Ot ANK NOT FILMED 








The input DC level can range fro* 3 to 7 volta typically. 
There are five positions which can be connected to the input 
on the test tool. The function of each of these will be 

discussed in the appropriate electrical measurement section. 
For initial characterisation! position 3 was used and the 

transfer characteristic wa* developed. Figure V-4 7 shows the 
transfer characteristic for one device from the first lot. 
Date Code 7901, and from the third lot. Date Code 7952. Two 
curves are shown for the same device from the D.C. 7952 lot 

with VR at 5.0 volts and 6.0 volts. There was some variation 

of this transfer characteristic within each lot. This is a 
function of many manufacturing parameters. 

The signal outputs on this device are pins 1 and 15. The 
emitter follower output provides the out put voltage levels as 
given in figure V-47. The output level is valid when HR is 

low. When 0R is high the charge on the output gate is reset 
and the voltage present at that time is not related to the 
analog level from the shift register. To avoid any transient 
problems on the test tool the sample times on the sample and 
hold circuits occurs when 01 is high. Thic is within the 

valid portion of the output voltage. 

Two pins on this device, and v ss were connected to 

ground. These are pins 2 and 8 respectively. 

Table V-3 lists the electrical measurement made on the 
CCD321A-2 devices . The temperatures utilized for this testing 
were ^25 -25^C, and ♦ 55^0. The high and low temperatures 

used are the maximum ratings specified for this part. The 

initial electrical characterization was utilized to provide 
in-depth information about the performance of these devices. 
The objective of the post environmental character izat ion tests 
was to determine- delta shift information on each device. The 
interim electrical tests assured that the devices were 
funtional at the specified points in the test and also were 
used to obtain additional parametric data for delta shift 
analysis. 

2. Electrical Parametric Measurements 

a. Device Power - This is a measure of 1 DD which comprises 
essentially all of the input current to the CCD. This 
measurement provides information about the stability of 
the output amplifier. There are three stages for the 

amplifiers on each side of the device and each stage is 
internally loaded with current M pull down 1 ' loads. 
Depending upon geometry and drain and source diffusions , 
the transistor channel resistance will vary somewhat 
between devices. This will cause a difference in the 
current measured for different parts. A change in this 
current can be indicative of threshold voltage drift, 
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TABLE V-3 ELECTRICAL TESTS, CCD321A 


| SEQUENCE 

| TEMPERATURE 

TEST TYPE 


l) INITIAL CHARACTER 12 AHON 

25, -25 6 55°C 

FULL 

2) POST ENVIRONMENTAL SCREEN 

25°C 

INTERIM 

3) POST 160 HR BJRN-IN 

25°C 

FULL 


-25 & 55°C 

INTERIM 

A) STEP STRESS 

25°C 

INTERIM 

5) HIGH TEMP LIFE TEST Q ♦, 

25°C 

INTERIM 

8, 16, 32, 6A , 128, 256, 



500, 1000 6 2000 HOURS 



6) POST HIGH TEMP LIFE TEST 

25°C 

FULL 

7) TEMPERATURE CYCLING 0 20, 



50, 250, 500 6. 1000 CYCLES 

25°C 

INTERIM 

NOTE: Interim electricals 

- Output Drain Current, Cain, 

Offset Voltage 


and Input Leakage Currents. 

Full electricals ■ Interim Electricals plus - Noise, 

Transfer Efficiency and Bandwidth. 
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aborting (or leakage current path*) between the two 
polyailicon layer#, between the polyailicon end 

■etallitation, or between the polyailicon gatee down to 
the silicon. Thie current waa measured on the teat tool 
by reading the voltage drop acroaa a 14.7 oha reeiator 
and calculating the current flow. A typical value for 
thia 'ceding waa 0.0882 volta which calculate# out aa 6 
aA. 

b. Input Cate Leakage - Input gate leakage ia aeaauied on 
the leakage current teat tool ah own in Figure V-48. The 
inpute aeaaurcd were 01A, 0SA, VRA, 0RA, V2 0RB, USB, 
VRB, and 818. A conatant 11 volta ia applied to each of 
theae inpute through a 100 kohm limiting reeiator. The 
voltage ia then aeaeured acroaa each of theae reaiatora 
and recorded. Reaolution down to .0001 volta waa 
utilised which provided a current aenaitivity of 1 
nanoamp. This measurement ia important to CCDs since one 
of the moat prominent failure modes is leakage current 
between overlapping polyailicon layers. The above 
measurement will detect thia type of layer to layer short 
if one of the layers ia connected back to Vqq, 

or Vgg, From the information gained through the 
construction analysis and failure analysis portions of 
thia study, additional leakage , sthi should be measured. 
Theae include any pin combinations which are connected to 
adjacent polyailicon gates that overlap. For the 
CCD321A-2 this includes: 0SA to VRA. VRA 8lA, 0\K to 
V2, FSB to VRB, VRB to 01 B and 01 B to V2. The failure 
analysis section will discuss electrical parametric 
shifts which resulted from leakage paths between some of 
the above combinations. 


c . 


Voltage Offset - This term describes the buried channel 
"dark current". This current is produced by thermally 
generated minority charge in the bulk silicon (electrons 
in the N doped buried channel which is depleted by 
channel bias). This is a temperature sensitive 


measurement since the dark current 
10*C. 


doubles for every 8 to 


In the test tool this measurement was made by setting the 
input to position 2, 5 volts, and reading the output 

voltage level. The output voltage read is the level 
produced with no charge input to the shift register. 


The output amplifier schematic was shown in Figure V-12. 
With the clock circuits as indicated previously this 
output circuit functions in a sample and hold mode. 0R 
goes high and applies a charge level to the output 
transistor. The output voltage level with 0R high is 
related to the feedthrough of this signal and not to an 
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Figure V-4'8 Schematic, Leakage 










offset voltage level. It is not posoible in this 
configuration to measure the reset level and then 
subtract the analog output level from it in order to 
measure an offset value that is independent of the output 
amplifier characteristics* If 0R was held at Vpo, the 
output signal would then be a square wave with half of 
its duration equal to the output reset level and the 
other half related to the charge from the shift 

register. This would allow a measurement to bo made 
which would remove any output amplifier variation from 
the value read. 

The readings taken on a typical device for Voffset ares 
-25 °C - 9.93V, +25 °C - 10.11V, +55 G C - 9.99V. These 
readings indicate that two conditions on the chip are 
changing and they are changing with opposite temperature 
coefficients. The dark current level will increase with 
temperature which will cause the output level to 

decrease. This appears to be the significant factor for 
the decrease above 25 °C. Below 25®C the output level 
also decreases. This is apparently due to a change in 
the amplifier characteristic with temperature. 
Temperature character'* nation of this phenomena found the 
peak output level to bo at about 25°C, 


d. Voltage Gain - The voltage gain is performed by measuring 

the output voltage level change for a known change in the 
input voltage level, In the test tool, readings were 
taken with the input switched to position 5 (3.9V) and 
then with the input switched to position 4 (3.5V) . The 
second output level subtracted from the first, divided by 
0.4 volts is equal to the gain. A change in the gain 
would indicate a change in the input sensitivity, the 
transfer efficiency, or the output amplifier gain. The 
input levels were selected by utilizing the 

characterization data shown in Figure V-47, 

e. Noise Measurement - CCD noise is partially a function of 

the magnitude of the dark current since random noise can 
be produced due to the shot noise of the electronic 
charge. It is also affected by input circuit charging 
noise, reset circuit charging noise, output amplifier 
noise, and surface and bulk state trapping noise along 
the shift register. To take the noise measurement on the 
test tool the input was set to position 5, switch 6 was 

set to U18-6, and switch 7 was set to U9-6. The first 

sample and hold circuit acquires the output level at a 
valid portion of this signal. The signal is sampled at 
the time when U18-6 goes low with a sample time of 8 

microseconds. The 5000 pF holding capacitor provides 
accuracy to 0.1% in 6 microseconds on U10. The second 
sample and hold, Ull, is held in the sample position 
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starting at tho same time ns U1Q and remaining for 720 
microseconds. With the 0.15 microfarad capacitor this 
circuit will roach 0.1% accuracy in 700 microseconds, 
these two sample and hold circuits in series provide the 
necessary fast sampling time ns well ns the slow output 
level drift to read individual voltage lavcls on the 
output. In this circuit configuration a now sample is 
road every 8 milliseconds while the computer accepts a 
sample every 250 milliseconds. To obtain an RMS voltage 
reading, 125 samples are accepted and this value 

calculated . 

o 125 0 

(RMS Noise; « £ (X* - X)** 
i“l 

There wore two problems associated with taking this 
measurement. The first one was the system noise since 
there wore several A.C. signals in the test tool. This 
could result in erroneous readings being taken by the 
computer. Tho second problem was the change in the 
output voltage level as the chip heated up while 

operating. The output voltage drift with time as the 
chip is heating up is shown in Figure V-49 . With this 
device in the tost tool for 1,40 seconds the output level 
went from 9.3750 to 9.4250. This is a change of 50 mV. 

Since tho amount of change decreases with time the output 

noise level for the first side road will be higher than 
the second side. This was evident during the electrical 
testing on those devices. Side B was measured first and 
was consistently higher. 

f. Bandwidth “ A separate test tool was constructed for the 
bandwidth measurement (Figure V-50). The other test tool 
had the necessary interconnections to perform a bandwidth 
test, however , due to the amount of wiring very poor wave 
shaping resulted on the two clock signals. On the 
bandwidth test tool both sides A and B are shown 
connected at one time, however, during the actual testing 
only one side was connected to the clock signals. All of 
the devices wore tested on Side A and then the wires wore 
soldered to side B and it was tested. This provided 
better clock pulse waveshape. Two separate 9644 drivers, 
which wore obtained at no cost from Fairchild, were used 
as the drivers. These circuits produced a 0 to 13 volt 
square wave output of opposite polarity to the input, 
Tho input timing was produced by an HP 8016b Word 
Generator for fil and by an UP 1900 Pulse Generator for £fR 
and )5S. The Pulse Generator was driven by the Word 
Generator. The analog signal input was supplied by a 
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Figure V-49 Voltage Out vs Warm-up lime, CGD321A 












variable frequency sine wave generator, Krohn-Hite Model 
2000. Hie D.C. input level was variable but commonly wub 
set at about 3.3 volts. V DD was adjusted to 15 volts 
at the unit under test, and VR was set at 5 volts. V2 
Was originally set at 6.5 volts, however, adjustment of 
this level was necessary on some of the devices, to obtain 
an undistorted output signal. The outputs were again 
emitter follower circuits. 

The input clock frequency was adjusted to 14.32 MHz. The 
output level was measured with a 1 volt peak-to-pcak sine 
wave at approximately 700 KHz on the input. The input 
frequency was then increased until the Nyquist limit was 
reached. In all cases this occurred prior to the 3db 
point being reached • The Nyquist limit is equal to 
one-half of the clock frequency. The sine wave must bo 
sampled at high and lew peaks to take this measurement. 
By adjustment of the input frequency this condition could 
readily be obtained on the oscilloscope and the output 
level measured. 


Transfer Efficiency - This parameter measures the 
efficiency with which charge is transferred through a 
device. It is a measurement which shows the difference 
between a buried-channel device and a surface channel 
device as discussed previously. It also provides 

information on several first and second order material 
and processing effects. 


This measurement is made by shifting a charge packet 
through the device and measuring the output voltage (VI) 
then switching to no charge being transferred through and 
measuring this voltage level (V2) and finally measuring 
the voltage level (V3) which occurs at the single pulse 
following the change from VI to V2. The transfer 
efficiency is then equal ton 


1 


V2 - V3 ~ | 
VI X 455 J 


The test tool circuitry was designed to perform these 
measurements, switches 8 and 9 control the input levels 
and the counter circuits U13, Ul4, and U15 control the 
sample time for the sample and hold circuits. The 
critical timing for this test is to read the voltage 
level V3 which occurs at the single output pulse 
following the change from charge being transferred 
through to no charge being transferred. In the test tool 
with switch 9 at ground and switch 8 at 5 volts the input 
of the CCD321A-2 is 2.87 volts. This provides the output 
level VI of about 8.40 volts. To measure V2 with no 
charge being transferred through, 4,85 volts is applied 


to the CCD321A-2, This is accomplished by taking both 
switch 8 and swi' eh 9 to 5 volts. The output level 
produced is 9.80 volts. The V3 measurement is taken by 
setting switch 9 to 5 volts and switch 8 to U19-10. In 
this configuration the input to the CCD321A-2 is 

switching between the 2.87 volt input level and the 4.85 
volt input level. Wien the input switches from the 2.87 
volt level to the 4.85 volt level the counters reset and 
count to 455, since this is a 455-stage shift register. 
The counter circuitry then provides a pulse that is used 
to control the timing for the sample and hold circuits. 
The CCD321A-2 output and the timing pulse for the first 
sample and hold circuit is shown in Figure V-51 . The 
displays have a time base of 10 microseconds per 
horizontal division, the bottom trace is at 1 volt per 
vertical division, and the top trace is 5 volts per 
vertical division. There is little perceptible 

difference between this first level and subsequent 
levels. This is approximately 30 mV. 

Initial Electrical Characterization 

The test flow is shown in Figure V-52. The results described are 
for the third Fairchild lot only. 

Initial electrical characterization on the CCD321A-2 devices was 
performed m described in the previous section. 

Five devices were tested to determine if a lot related problem 
existed with these devices. The following sequence of tests was 
performed: electrical characterization, environmental screen, and 

electrical characterization. Leakage current testing was performed 
first with Serial Number 6 having 1.4 nA leakage. The remainder of 
the electrical tests were then run followed by a repeat of the 
leakage current test. S/N6 had increased slightly to 2.2 nA. The 
parts were then subjected to the environmental screen tests, 
interim electricals, 160 hour burn-in, and full electrical 
characterization. The parts continued to operate properly with no 
increase in leakage. The remainder of the parts were then tested. 

Due to the leakage current problems experienced previously, the 
first incoming electrical to be performed was a current leakage 
test. S/N 19 was found to have Pin 9 shorted. No other devices 
exhibited leakage current. The leakage current measurements taken 
during the course of this testing are shown in Table V-4. These 
readings are given as a voltage across a 100 kohm current limiting 
resistor. Therefore 1 volt is equal to 10 microamps. 
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Figure V-52 Test Flow Diagram, Fairchild CCD321A/ Quantities Used 





































































The devices wore then electrically characterised at -2$°C, +25 ®C, 
and +55 t 'C. A sample of the electrical readings are given in Table 
V-5. This provides the data taken at three temperatures on the 
test tool. Delta calculations between these initial measurements 
and later measurements will be discussed in the data analysis 
section. General observations from thio data include: an increase 

with temperature of gain and noise > a decrease with temperature of 
device current and transfer efficiency, and the voltage offset was 
highest at +25^3 as previously discussed. 

The bandwidth test at all temperatures found the bandwidth only 
limited by the Nyquist sampling limit. The clocks were operated at 
14.32 MHz and the bandwidth measured 7.16 MHz. 

Following the electrical tests the leakage current was remeasured. 
The results are again shown in Table V-4. Several more devices are 
‘leaky at this point. If fallout were to continue at this rate Che 
test would be terminated. 

Serial numbers 1 and 2 were held for controls. The remaining 
devices were subjected to the environmental screening tests. 

D. Environmental Screen 

The environmental screen tests were selected from MIL-STD-883, 
Method 500*, Class B, These tests were previously listed in Table 
IV-8 . 

The first screen test was high-temperature storage per Method 
1008.1, Condition C. This is a storage temperature of 150°C for 24 
hours in a non-powered condition. This stress is used in the 
screening sequence as a pre-conditioning treatment prior to the 
following tests. 

The second environmental screen test was temperature cycling per 
Method 1010.2. This is an automated test which exposes the parts 
to -65°C and +150°C taking 30 minutes per temperature cycle. There 
was a total of 10 cycles. 

At this point a current leakage test was performed. The results 
are shown in Table V-4. No additional parts became leaky. 

The third screen test was constant acceleration per Method 2001.2, 
Test Condition E. This is n 30,000 g acceleration in the Y1 axis. 
The VI orientation is defined as that one in which the element 
tends to be removed from its mount. The parts were held in plastic 
carriers tc avoid bending of the external leads. 

The fourth screen test was a seal test per method 1014.2. The fine 
leak test is per Test Condition Al, using helium tracer gas with a 
bomb time of 2 hours at 60 PSIG. The gross leak test is per Test 
Condition C, using fluorocarbon. 
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Parameter l Test Conditions 




































Interim electrical testa were performed at this time. This testing 
is used to verify the functionality of the devices and provide 
information on the effect of the preceding tests on parameter 
stability* The data was stored on tape and comparison was made 
with the initial rccasureraonts. 

Parts which exhibited high leakage currents and significant shifts 
in their parameters were removed at this time. This included 
serial numbers 8, 9, 14, 17, 21, 24, 43, 44 and 45. At this time 
overvoltage testing was performed on some of these devices to 
determine the breakdown level of the oxide. In addition to the 
above parts, S/N 1 was also tested# The voltage on pin 7 with 
respect to ground was raised to 28 volts. The oxide broke down at 
this point and the part wan now an electrical failure. Due to this 
overstress S/N 3 was relabeled as S/N 1 and used for a control 
during the remainder of the test* 


The fifth screening test was the 160 hour burn-in at 55°C. This is 
the maximum specified operating temperature for this device and it 
was used since the effects of higher temperature operation were 
unknown at this point. 


Following this 160 hour burn-in the parts were again electrically 
characterized. There was one additional part which was leaky on 
pin 9 , S/N 41. This device was removed from test. Serial numbers 
23, 30, 38 and 46 had exhibited low level leakage current, however, 

.a!*--** i- kV.iM *1 * 

uu Miaugc xu CICU 

were left in test. 
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E. 'thermal Step Stress Test 

This test was performed to establish the temperatures used in the 
4,000 hour life tost. The circuit used is the same one as that to 
be used for the life test. 

The test plan is the same as that used for the Reticon devices and 
is repeated below: 

]. Operate four circuits for 16 hours at +65 °C. Monitor the 
outputs for functionality and record the power supply currents 
at the start and end of test. 

2. Perform the interim electrical tests at +25®C. 

3. Increase the operating temperature in 10 increments until 
malfunction or permanent parameter shift occurs. Malfunction 
is defined as the point where the output, which has previously 
saturated, no longer exhibits a regular time sampled analog 
pulse train. Other malfunction criteria is any significant 
shift in current at temperature. 
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The power supply currents were monitored during the course of 
this testing as noted# There was no change in the supply 
currents except for a gradual decrease in the current on the 
15 volt supply# This is the output amplifier voltage source. 
The current decreased in an approximately linear fashion from 
23 mA at 65 °C to 14.5 raA at 215 °C. The appearance of the 

output waveform over temperature is shown in Figures V-53 to 
V-57. The small white bar in the lower left hand corner 
indicates the ground level# These photographs are taken with 

the vertical scale at 2 volts per division and the time base 
at 200 microseconds per division. From this series of 
photographs it is apparent that the output which started as 
basically a square wave degrades to a line with a short 
duration pulse at 20CrC. 

The interim electricals taken after each 10°C stress are shown 
in Table V-6. All. devices had a decrease in the supply 

current with stress time. There was also a gradual shift in 
the other parameters with stress, however, there were no 

significant changes . One device with a leakage current 

condition was subjected to the step stress test. The voltage 
level readings related to the leakage current are shown in 
Table V~6d. These levels decreased during the course of the 
test. 

From the output waveform appearance, the electrical data, and 
the failure rate experienced during the Reticon life test the 
temperatures for the 4,000 hour life test were selected. The 
lower temperature selected was 150°C. The output waveform is 
not flat at this point and higher current is flawing in the 
amplifier section. The upper temperature selected was 200°C. 
This was the highest practical temperature which could be used 
for a long term life test with the burn-in boards and ovens 
available. 

F. High Temperature Life Test 

The burn-in circuit used for the life test is shown in Figure 
V-58. The voltages applied to the device are as shown. Pin 1 is 
the side A output and it is wired to the outside for monitoring. 
Pins 5, 7, 9 and 11 are connected to a 1.1 KHz waveform that is 
identical in shape to that used in the test tool. This input goes 
high for 225 microseconds during the middle of the period that 01 
is lew. 01 is a square wave at 1.1 KHz and goes to pins 6 and 10. 

Both of these waveforms go from 0 to 15 volts. The monitor points 

were checked daily to verify proper operation. The analog inputs, 
pins 3 and 13 are at 3 volts. A zener overvoltage protection diode 
and a 9 kohm current limiting resistor are in this circuit. The 
voltage level monitoring points were also checked on a daily 
basis. The reference voltage input, pins 4 and 12, are at 5 

volts. This line is again protected with a zener diode and a 

current limiting resistor, The charge input is related to the 


208 







CCW21A 


V-si Output Waveform, 


ORIGINAL I’AGK IS 
•' »F HtH)R UUAI.IT> 


CCDJ2 1A 


/.s4 Output Waveform, 


Figure 









Table V-6a Stop Stress 


; 

i 

> 


> 


i 


/Dovi 

/Current, 

(mA) 

co/^ Gnii 
/(V/V) 
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:trtcnln, 3/H 35. CCD321A 
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Figure V-d 8 Life Test Burn-in Circuit, CCD321A 





difference between the reference voltage input end the analog 

voltage input. Thia voltage difference ia two volta and therefore 
there ia chargr being aupplied by the input circuit. The V2 input, 
pin 14, ia held at one-half of the clock voltage level. Thia ia 
7.) volta and again a tener diode and current liaiiting resistor are 
in the circuit. The VDD line, Pin 16, ia held at 15 volta. The 

power aupply ia aet in current liaiiting when the parta have 

atabiliaed at teaperature. There ia a 20 volt xener protect diode 
on thia line. Signal ground and aubatrate ground pina 2 and 8 are 
connected together and tied to a conaion ground. 

With the fallout which had occurred prior to thia point there were 
38 parta remaining for the life teat. Two of theae were control 
parta and the remaining 36 devicea were divided into two groupa for 
the life teat. 

S/N 4, 5, 6, 7, 10, 11, 12. 13, 15, 16, 18, 20, 22, 23, 25, 26, 27 

and 28 were operated at 150°C. S/N 29, 30, 31, 32, 33, 34, 35, 36, 
37, 38, 39, 40, 42, 46, 47, 48, 49 and 50 were operated at 200°C. 

Interim electrical meaauremente were made at 4, 8, 16, 32, 64, 128, 

256 , 500, 1,000 and 2,000 houra. Pull electricala were made at 

4.000 houra cumulative. The output of each circuit and the monitor 

pointa were checked daily. The current level on each power aupply 
waa read and recorded at the beginning and end of each period of 

teat. The 15 volt aupply on the 150°C burn-in oven drew about SflraA 
and the 200°C burn-in oven drw about 48mA initially and about 39mA 
at the end of the teat. The change in current level on the 200 °C 

burn-in teat waa due to device failurea during the teat. 

The devicea Uiich were removed during the teat were aerial number 
49 following 64 houra of operation, aerial numbera 36 and 46 
following 256 houra of operation, and aerial number 40 following 
500 houra of operation. A complete analyaia of theae circuita ia 
covered in the failure analyaia aection. A brief suninary ia given 
here: S/N 49 and S/N 40 failed due to ionic contaminat ion, S/N 36 
failed due to a metallization fault, S/N 46 failed due to a 
layer-to-layer ahort. S/N 46 had leakage from the atart of the 
life teat and it finally degraded to failure. 

The parta which exhibited leakage current during the life teat are 
ahown in Table V-7. S/N 6 was the only device which became leaky 
during the life teat. This part had on the order of 2 nanoamps of 
leakage. An additional pin on S/N 23 waa found to be leaky after 

1.000 hours of life teat. The leakage on S/N 38 became 
significantly worse during the last 2,000 hours of operating test. 
The results of this leakage current change with long term stress 
indicates that this is not a time-temperat u.e accelerated failure 
mechanism. 

Data analyaia on these parts ia included in the data analysis 
section. 
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TAltU- V-7 DEVICE LEAKAGE (V) ; 32 1A 


TEST 

HOURS 



SERIAL NO 

- PIN 

NO 


6-9 

23-7 

X »-» I 

U)-7 

I 38-7 

I 46-9 

4 

- 

.0036 


.0004 

.0015 

.0037 

8 

- 

.0030 


.0004 

.0015 

.0035 

16 

- 

.0024 


.0002 

.0015 

.0033 

32 

- 

.0020 


.0002 

.0014 

.0030 

64 

.0003 

.0017 


.0002 

.0014 

.0030 

128 

.0002 

.0014 


.0002 

.0013 

.0033 

256 

.0002 

.0011 


.0001 

.0012 

10.9 

500 

.0002 

.0011 

m 

.0001 

.0011 

PULLED 

1000 

.0002 

.0008 

.0206 

.0001 

.0014 

_ 

2000 

.0001 

.0006 

.0007 

.0014 

.0000 

m 

4000 

.0001 

.0005 

.1071 

.0000 

2.2 

m 
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Temperature Cyc \ e 


At the completion of the 4,000 hour life test 6 device* wre 

subjected to 1,000 teaperature cycle*. Two device* were taken froa 
each of the life teat group* end the two control part* were used. 

The temperature cycle* were performed in accordance with 
MIL -STD-883, Method 1010, Condition C (IMTT to -65°C). 

Electrical measurements were taken before temperature cycling and 
after 20, 50, 250, 500 and 1,000 cycle*. 

Table V-8 provide* the electrical data on these 6 devices and a 

control part at initial test and following 1,000 cycle*. 

H. Overvoltage Test 

Six unit* were subjected to overvoltage condition* on various pin 
combination* to determine whether there were any combinations which 
resulted in permanent damage to the device*. The pin* selected 
included input gate* to substrate and overlapping polysilicon 
i layers. The following pin combination* were stressed on each of 

the six devicest 5 to 3, 3 to 5, 4 to 5, 5 to 4, 4 to 6, 6 to 4, 6 
to 14, 14 to 6, 4 to 2, 4 to 8, 6 to 2, 6 to 8, 14 to 2, 14 to 8, 7 
to 16, 7 to 2, 7 to 8, 11 to 13, 13 to 11, 12 to 11, 11 to 12, 12 

to 10, 10 to 12, 10 to 14, 14 to 10, 12 to 2, 12 to 8, 10 to 2, 10 

to 8, 9 to 16, 9 to 2, and 9 to 8. These were stressed with the 
first pin being positive with r> spect to the second. The breakdown 
, voltages on these pins was notmtily 35 volts. Two devices did fail 

during this test. S/N 30 failed at 20 volts between pins 7 and 2. 
This is the type of layer-to-layer short which has been seen 
previously on these devices. S/N 6 had approximately InA of 

leakage' going into this test. It failed at about 25 volts between 
pins 9 and 2. Again this is the same type of failure. 

The remaining four devices were subjected to short circuit output 
1 conditions. The input was set to obtai* maximum output current and 

then the output was shorted to ground. The current flow was 

between 19 and 25 mA. One unit was left in a shorted condition for 

45 minutes with no degradation occurring. 

The final stress test was to apply overvoltage conditions to the 

input and output circuits. The input circuits were taken to 

greater than 100 volts with no failures occurring. The output 
circuits would fail with s tv a us applied between the output pin and 

Vqc or between Vpj) and Vqq . These pin combinations went into 
> breakdown at about 30 volts and then a negative resistance type 

characteristic similar to a BV C v 0 curve occurred. The output 

would fail at about 80mA current flow. The voltage at that point 
was about 10 volts. 
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Table V-8 Temperature Cycle Electricals, CCD321A 



98*6 98*6 

















































The two devices which had their output circuitry overatreeeed were 
opened and exaained. There was no evidence of the failure aitea. 
This ia due to the fact that the failurea would be hidden beneath 
the gate polyailicon. The parts were not cheaioe '.ly stripped to 
view these sitee since this type of failure ia no typical of that 
expected. 



Uats Analytic 


This section will include a discussion of the deltas which occurred 
during the course of this testing and statistics on each of the 
parameters measured. Life regression curves were not generated due 
to the mail number of failures which occurred. 

Electrical measurements were run at +25 °C, -25°C, and ♦55°C during 
the initial characterisation and following the environmental screen 
teots. Table V-9 lists the TCNs upon tdiich data analysis va s 
performed. 

Table V-10 lists the deltas between the initia^ measurements and 
the post environmental screen measurements at ♦25°C. 

There was only one control device for these readings as discussed 

in the environmental screen test section. Two sets of deltas are 
listed for serial number 2 in Table V-lOa. The first set was run 
at the same time as serial numbers 4 through 7. The second set was 
used for the remainder of the devices. Serial numbers 4-7 were in 
the qualification group. Two sets of calculations are provided at 
the bottom of the page. There was less than 2! change in the 
readings for I D q, Cain, Offset Voltage and Transfer Efficiency. 
The noise measurement does not lend itself to delta calculations 

due to its random nature. 

S/N 28 had a gain change of about 25! on side B. This was due to a 

change in the transfer function on this side. Failure analysis was 

performed on several similar units and layer-to-layer shorts were 
identified. This part was left in the life test. 

Table V-lOb contains the deltas for the parts in the 200 °C life 
test group. 

The changes are again quite small except for the gain on side A on 
S/N33. Measurement found this part to have leakage between 0RA and 
VIA. 


The largest transfer efflc*»"cy change was 13 x 10“6 on S/N25. 
This is a change of about 50 mv for the V3 reading for transfer 
efficiency. With V2 equal to 9.8 volts and VI equal to 8.4 volts 
this would be a change from 9.52 volte up to 9.57 volts on V3. The 
available limits of the change which can be seen are 1.0 for V3 ■ 
9.8 and 0.9996 for V3 ■ 8.4. The change that was seen on this part 
was from 0.999926 to 0.999939. 

Table V— 1 1 contains the delta calculations for the -25 °C 

measurements. The gain reading for serial number 28 side B, and 
serial number 33 side A are not utilized for the calculations. The 
average changes in Table V-lla are very small as are the average 
changes in Table V-llb. 
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TABLE V-9 TCN LIST, CCD321A 


TCN 

SEQUENCE 

TEST 

TBOUA1URS 

0 

INITIAL 

25°C 

1 

INITIAL 

-25°C 

2 

INITIAL 

55°C 

4 

POST 

ENVIRON 

25°C 

C 

POST 

-25°C 

J 

ENVIRON 

4L 

POST 

55°C 

D 

ENVIRON 

117 

PO 11 i li i 
TEST 150 C 

25°C 

217 

POST LIFE 
TEST 200°C 

25°C 
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TABLE V-10* MEASUREMENT DELTAS, INITIAL & POST ENVIRON. @25 C; 32 1A 


V Af/ 




FOR 150 C TEST 


-.02 


.16 21 


-.08 -86 


A? 

~<S) 

£ideA 

*/l0 _ 

[ ( V > 
SldeB 

Y 

/(mV) 
Side A 

51 

-32 

.03 

-192 

-191 

.05 

-41 

-28 

.04 


B SideA ISideBl Sided Side!! SorUl Number* 


.18 1 


-.09 1 





2 - Control (for 4-7) 


2 - Control(f*v 10-28 


-lib -85 


.10 


.18 


.12 

.01 

-♦02 

_0 

,06 

0.3 

,0b 

.06 



-277 I -271 23b 


372 


-239 -157 535 


-123 1 -99 


• 0.6 0 

•288 bl 



01 ,02 I .66 1 


211 


318 | -.30 


. .01 .07 

376 -.09 -.40 9 

8 -.01 0.10 I 5 

— ■ ■ ■ ■ ^ i — . ■ ■ ■ 

32 -.17 1 -.05 2.5 

150 . U> .14 2*4 

— i i ■ * T' ■ - 1 ■ 

0 I -40 1 40 -_ 

23 -. 10 1 -.07 1 4.9 


94 

722 

198 

165 

.14 

. [0 

-1.1 

6.1 

0.3^ 

0.2 

-30 

-50 

o 

o 

o 

•H 

rH 

11000 

10000D 

10000G 

.30 

.50 


Average (4-7) 

Standard Deviation 
1 CHANCE (CONTROL) 

Average (10-281 
Standard Deviation 
(CHA 


999999 |9 l 
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TABU; V-10b MEASUREMENT DELTAS. INITIAL 0 POST ENVIRON, g 25°C; 32 1A 


/ 

7~ 

ID!) A 
% 

‘.i in A 

o~jSio 


1 

>t («yc 

'rVl m' 

/tfolH 

V)/(m 

L J 

pftfolMC 

vMcio 

/CTK, 

/CTE/^FOR 200°c test 
)/ 

Serial Number 

HS 

21 

47 

BTT1 

m 

mm 

tm 

1 

0 

Control 

-.07 

mm 

41 

-2 

-21 

WtTJ 

-.62 

1 

i 

29 

.06 

-65 


-134 

-96 

sa 

. 10 

2 

2 

10 

.02 

SB! 



159 

IBi 

-.31 

vm 

3 

11 

.05 

SB 



-56 

gjym 

-.15 

5 

1 

32 

.09 

2Q 


2_ 

38 



.02 



mm 

n 

m 




mm 

0 

— 

-.36 

— 

3 

2 

»4 

mm 

SB 

r~ _ — 

-7 

153 

80 

SB 

0 

2 

1 

35 

0 

555 


UQ| 

21 

SB 


5 



3 

36 

.06 





sa 


m 


37 

-.08 

sa 


-i i 

1 

14 

.02 




38 

0 

&9 

1 

07 

339 

2 32 

9EB 


DB 

* 

39 

.09 

-89 

-176 

190 

69 

.0 3 

-.02 

r— — — 

3 

2 

40 

.12 



-364 


0 

■a 

1 , 

1 

42 

-.02 


1 

H 



-.03 



2 

46 

.09 

-205 

—109 

434 

171 

tm 

SI 


mm 

47 

.01 

-61 ] 


20 

44 

-.0 ) 

-.42 


2 

48 

o 


B9 


196 

-.25 

-.40 

8 

3 

49 

BBS 

2 

tm 

E9 

-11 

.05 

mm 

m 

« 

SO 

KOI 


B9 

tm 


ssa 

am 

ns 

in 


I .06 

524 

67 

216 

116 


.29 

2.4 


Standard Dev in t ion 

BH1 

zwm 

m 

0. 1 

0.2 

— 

-64 

- 

i 

"j 

7. CHANGE (CONTROL) 

QJ 

1000 

1 1000 

100)00 

10000C 

.50 

.50 

■ 

1 

Typical Value 
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TABLE V-1U MEASUREMENT DELTAS, INITIAL & POST ENVIRON. @ -25 C 


l DO lyfloin ./flat ly/ff sejf^ff «. 

/x 1 O'Vx 1 0-^x 1 oHnfl o- V' 

[s idoA fs idoBISldeAlS 1 doll 


.08 

-22 

ran 

52 

.07 

-72 

.05 

-145 


.04 

-141 

.05 

54 

.03 

-2 

.05 

-29 

BIBII 

0 

78 

.02 

-15 

.04 

114 


■■1 


.02 

92 

.04 

0 

.02 

227 

-.08 

-63 

B9 

-l 

SB 

177 

.06 

biii 

.01 

62 

-0.3 

-0.6 

.01 

47 

.04 

82 

-1.7 

0 


-155 

-283 

wmsm 

190 

1 19 

-128 

-67 

-170 

-151 


61 -80 


18 -28 -110 


25 

24 

-50 



-224 -22 


-526 -363 


177 5821 1-186 1-126 


-111 


67 


152 115 


150 C TEST 
Sorinl Number 


2 - Control (for 4-7) 


2 - Control 


8 


Avor.i 


11000 1 1 000 5000 ‘>5000 


R 


1 CHANCE (CONTROL) 


AvernRO (10-28) 


Standard Deviation 


% CHANCE (CONTROL) 


Typical Value 





















































































































TABLE V-llb MEASUREMENT DELTAS, INITIAL 6 POST ENVIRON. (.•> -25°C 


/' 

(mA) 

/. 
D Xu 

/x 10- 
SI doA 

VxlO' 

Sldell 

7-f 

l tl/l'l 

■TxlO' 
SI do A 

y 

SldoB 

fj 

/^/^OR 200°C TEST 
Serial Number 

.13 

52 

56 

-46 

-32 


2 - Control 

-.02 

30 

88 

-109 

-110 


29 



59 

-183 

-1 18 


30 

■a 


165 

-333 

-24 1 


U 

.01 

-20 

w 


-70 


12 

BD 

SE3I 

30 

^1 





u 

0 

52 

34 




14 

■a 


250 

-98 

-48 


15 

.03 

37 

ITj 

-103 

-79 


36 

BSO 


42 

-371 

-333 


17 

— 

0 

-IIS 

h |St 

-399 

- 1 59 


18 

0 

u 

231 

- 409 

-437 


I'l 

-.02 

-113 

w 

-432 



40 



34 

-577 

-364 


42 


E9 

BM 

-375 

-320 


♦ <> 


era 

5w 

-202 

-327 


4 7 

.02 

-32 

-109 

- 364 

-363 


48 

0 

- 1 29 

-95 

-312 

BB 


49 

.01 

-48 

-51 




SO 



- 1 

-2 .’1 

-244 


Avuriigc 

.02 

170 


151 

141 


Standard Deviation 

-1.8 

-0. s 

0. ■' 

-o..- 

-0.2 


CHANCE (CONTROL) 

7 

1 1000 

1 1000 

95000 

9 5000 


Typical Value 
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A ten percent change in each of theee readings would be «• 
follower I D p • 0.7 mA, Gain • 1100 x 10“*, and Voffaet • 95000 
x 10~*. With the exception of aerial numbers 28 and 33 none of 
the parts approach these levels. 

Table V-12 contains the delta calculations for the ♦SS^C readings. 
Again S/N 28 and 33 are not used to calculate the average changes. 

The changes which occur in Tables V-10, V-ll, and V-12 are small 
and in no specific direction. The changes of the parts with 
operating life will provide a better data base for information on 
the stability of this technology. 

For the 4000 hour life test there were two control parts utilized. 
The deltas for these control parts and for the test units are given 
in Table V-13. 

A comparison of the data on Table V-13a and V-13b provides some 
interesting information. The standard deviations on these tables 
are very large which indicates a wide variation in the aisount of 
change which has occurred. The average changes are fairly small, 
with the 150°C test group, Table IV-13a being smaller than the 
200^C test group, Table IV-13b. 

The numeric change in Ipp was small with approximately .01 to .02 
mA being the most frequently occurring value on the 150°C group. 
The change in Ipp on the 200 °C group is most frequently in the 
-0.10 mA range. This is larger and in the opposite direction. 

The change in gain was coononly about -2X on the 150 °C group and 
about + 3X on the 200°C group. 

The Voffaet changes are of about equal magnitude both positive and 
negative for the 150 °C group. This measurement was normally a 
positive change of about IX on the 200°C group. 

The noise measurements showed some shift in the positive direction, 
however, this is a difficult measurement to obtain good statistical 
data. 

The last measurement, transfer efficiency, showed a consistent 
increase for the 150°C group and a consistent decrease for the 
200°C group. 

It has been reported that hot electron injection causes a 
degradation of transfer efficiency at high temperature. Since 
there are two distinct characteristics shown by this data, there is 
an effect on the CCDs related to high temperature. The minimum 
temperature required to produce this effect is between 150 C and 
200®C. 


r* 


228 




TABLE V- 12a MEASUREMENT DELTAS, INITIAL 0* POST ENVIRON. 


/ / / /*' X V ' S 9 55°C; 32 1A 

/ Xio-Wo*V^o-Kio-X F0R 150 c nst 


(nu\)FideAfSideBfSidoA[Sidt 



Serial Number 


2 - Control (for 4-7) 


2 - Control(for 10-28 


-.02 -15 -20 -161 -95 



-108 304 217 23 


-173 319 352 


-170 89 I 99 



-67 

146 

»•» 

177 

-0.1 

0 

-66 

130 

9 • 

307 

0 

0 . . 

uooo 

95000 


102 Standard Deviation 


0.1 7. CHANCE (CONTROL 


61 Average 


320 Standard Deviation 


0.8 1 CHANCE (CHANCE) 
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TABLE V-12b MEASUREMENT DELTAS, INKXAL 6 POST EVIRON. Q 55°C 


/ 

1 

A\ o* U A\ o - Vx i o* y* 10 

/ 

2] 

/ 

ft 

/ / 32 1A 

/ FOR 200°C TEST 

(mA) 

5ideA 

SldeB 

Sldeo 

SldeB 

L 

_ 


•03 

0 

-57 

-285 

-470 


2 - Control 

.01 

-13 

' 

181 

77 


29 

.09 

-104 

-94 

' 

166 


w 

• 02 

-320 


.Ml 

-7 


31 

-.01 

-237 

-10 

5 

-222 


32 

- .04 

-1769 

-220 

127 

£ 


U 

-.04 

-273 

-107 

-1633 

-1943 


34 

- 0.1 

-37 

-30 

7 

"I 7 : 


35 

-.03 

-1 

-123 

• 1 1.' 

-233 


16 

.03 

1H 

-134 


121 

- , 

37 

.02 

-177 


-32 

19 


38 

.04 

■260 

-160 

31 - 

226 


39 

.01 

■155 

-160 

225 

19 6 

■■ 

40 

-.01 

45 

-37 

-266 

-165 



-.01 

-94 

-62 

-7 

73 


46 

01 

-209 

-135 


378 


47 

.01 : 

-IS'. 

-183 

'-112 

-171 


48 

.01 

- 145 

-15.' 

660 

170 


49 

-.03 

-68 

128 

277 

107 


50 

.004 

-150 

,,j ■ H 

-_$£ 

64 

-64 


Average 

.03 

116 

9 1 

496 

496 


Standard Deviation 

-0.9 

-1.4 

-0.4 


0.4 * 


1 CHANGE (CONTROL) 

5 


: 100 > 

95000 

95000 


Typical Value 
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TABLE V-13a MEASUREMENT DELTAS, PRE AND POST 4000 HR LIFE TEST, @ 25°C; 32 1A 


/ 

A lo^xiop^* 

O'Vx 

Av) 

yfmV) yf mV) A\ /\^ 


7 ^ 

(mA) 

Side/ 

S ldel 

SUleA 

SideB 

^51deA 

^Sldej 

S IJeA 

SideB 


Serial Number 

.07 

-2 
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The electric field within the depletion region beneath e gate 
electrode will cauae the electrona being tranaported to gain 
kinetic energy. If these alectrona have auffieient energy to 
surmount the Si-SiOj barrier they aay be injected into the gate 
oxide. A fraction of theae are trapped which cauaee a ahift in 
device choracteriatica . Thia ia a possible cau'.e for the high 
temperature degradation o* transfer efficiency and aay alao have 
affected the other pa r aawters. Thia phenomena increases with 
temperature and on a transistor also with drain voltage. 

The changes seen for the transfer efficiency measurement were quite 
asall and would not be expected to cause an/ problems in s long 
term application. 

The change in gain on side A of S/N 33 was due to a resistive short 
between JMA and Vj^, This is a layer-to-layer polysilicon short. 

The shifts in the remainder of the parameters is due primarily to 
shifts in the devices due to the high temperature operating 
stress. Changes in the instrumentation will cause smaller changes 
than those seen for these life test parts. 

Examples of the deltas for specific parts during the course of the 
life test are given in Table V-14 through V-19. The firat three 
are from the 150°C group and the second three are from the 200°C 
group. The general trends covered above are evident on some of 
these devices. 

Tables V-20 and V-21 contain statistics on each of the parameters 
measured except for the input leakage current. Table V-20 covers 
the parameters at *25 ®C t -25 ®C, and +55 °C at initial 

characterization. There is a fairly large variation in several of 
these parameters indicating manufacturing differences. The 

post-life test statistics are provided in Table V-21. The trends 
discussed in the above delta analysis are again evident. These 
measurements were performed at +25®C and cover the 150°C and 200°C 
life test groups. 

The stability of the CCD321A is very good as shown by this high 
temperature long-term life test. 

Assuming an activation energy of 1.0 eV the Q room temperature 
operating time to correspond to 4000 hours at 200 C is about 
7 x 109 hours . 

J. Failure Analysis 

The first group of 50 devices tested failed due to bond wire 
interconnect problems. The gold thermocompression ball bonds 
lifted from the die surfaces during environmental screen tests. 
These devices were replaced at no cost by Fairchild. The 

replacement parts had aluminum wi -es rather than gold wires. 
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Parameter! Test Conditions 
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Note 1 - v dd* 15 V, sampling frequency = 62.5 KHz 
Note 2 - No specifications available. 



















































































The second group of parta failed due to dielectric breakdown 
between the polyailicon layers and between the polysilicon and 
substrate. The failure analyais report on these devices is given 
in the appendix since it is not s part of the 4000 hour reliability 
study. The two parts which are referred to in the Failure Analysis 
Report which were sent to Fairchild for analysis, were found to 
have the dielectric layer beneath the poly2 below specification in 
thickness. This lead to the low level breakdowns. 

A third group of 50 parts was supplied by Fairchild at no cost. A 
sunmary of the failures «4iich occurred during the course of the 
test is given in Table V-22. These are discussed in more detail 
below. 

1. CCD321A, Initial Fallout 

History: The following parts were removed from test prior to 

the 4000 hour life test. The times at which each of these 
exhibited an electricl failure and the nature of the condition 
are noted below: 

Initial Electrical Leakage Measurement 
S/N 19 Pin 9 Leakage 

Post Initial Electrical Leakage Measurement 

S/N 14 Pi n 7 

S/N 24 Pin 9 Leakage 

S/N 44 Pin 7 Leakage 

S/N 45 Pin 9 Leakage 


Post Environmental Screen Test Electricals 
S/N 1 Pin 7 Leakage 

S/N 17 Pin 7 Leakage 

S/N 21 Pin 12 Leakage to Pin 13 and to ground 

S/N 43 Pin 12 Leakage to Pin 11 

Post 160 hour Burn-in Electricals 

S/N 8 Pin 9 Leakage 

S/N 9 Pin 4 Leakage to Pin 6 

S/N 41 Pin 9 Leakage 

Cause: The cause of all of the above failures was electrical 

breakdown of the dielectric separating the two polysilicon 
layers . 

Conclusion: These failures were due to a weakness in the 

dielectric between the two polysilicon layers. The electrical 
and environmental screen tests were adequate in screening out 
this weakness. Only one additional device developed 1 nA of 
leakage during the life test. 
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TABLE V-22 FAILURE SUMMARY, CCD321A 


S/N 

FAILURE 

TIME 

FAILURE 

CLASS 

EFFECTED 

PARAMETER 

PHYSICAL 

CAUSE 

19 

INITIAL ELECTRICAL 

CATASTROPHIC 

- 

LAYER 

TO 

1AYER 

SHORT 

14 

POST 

INITIAL EI£CT 

CATASTROPHIC 

- 

LAYER 

TO 

LAYER 

SHORT 

24 

POST 

INITIAL E1£CT 

PARAMETRIC 

L 

IAYER 

TO 

I AYER 

SHORT 

44 

45 


| 



L, I, 
C, V 
L 



1 


1 

POST 

ENVIRON SCREEN 

CATASTROPHIC 

m 

LAYER 

TO 

IAYER 

SHORT 

17 

POST 

ENVIRON SCREEN 

PARAMETRIC 

L 

LAYER 

TO 

IAYER 

SHORT 

21 

POST 

ENVIRON SCREEN 

CATASTROPHIC 

- 

LAYER 

TO 

IAYER 

SHORT 

43 


1 

1 

- 



1 


8 

POST 

160 HR 55°C B/I 

CATASTROPHIC 

- 

LAYER 

TO 

LAYER 

SHORT 

9 

POST 

160 HR 55°C B/l 

PARAMETRIC 

L, C 

LAYER 

TO 

LAYER 

SHORT 

41 


1 

1 

L 



1 


49 

POST 

64 HR/200°C LIFE 

CATASTROPHIC 

• 

IONIC 

CONTAMINATION 


3b POST 256 l!R/200°C LIFE CATASTROPHIC - MANUF DEFECT 

M i ai LBATXOH i Ai U 

46 POST 256 HR/200°C LIFE CATASTROPHIC - LAYER TO LAYER SHORT 

40 POST 500 HR/200°C LIFE CATASTROPHIC - IONIC CONTAMINATION 

NOTE: All parametric failures observed were due to layer to layer shorts 
which may degrade to catastrophic with stress. 

Parameter Code: L « Input Leakage Current 

1 ■ Supply Current 

G ■ Gain 

V ■ Offset Voltage 
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Test Method and Disclosure: The pin 7 and pin 9 failures were 

located in the output section with the leakage being to 
V DD* Refer to the failure analyeia on Fairchild date code 
7923 parts. This included serial numbers 14, 24, 44, 43, 1, 

17, 8, and 41 . 

Analysis on serial numbers 9, 21, and 43 is given below. 

The leakage related to pins 11, 12, 13, 4 and 6 are in the 

input section. Pin 11 is /)SB, pin 12 is VRB, pin 13 is VIB, 
pin 4 is VRA, and pin 6 is 01^. 0S and 01 are bottom layer 
polysilicon gates and VR is a top layer polysilicon gate that 
overlaps them. (See Figure V-59). 

S/N 9 was rejected due to a shift in the gain on side A. This 
was found to be due to leakage between VRA and 0^. This 

leakage had the appearance of a leaky reverse breakdown on a 
junction for both applied polarities. The current leakage was 
1*2 microamps at 2 volts. This leads to a modulation of the 
amount of charge being introduced into the shift register and 
results in a change in the gain measurements. 

S/N 21 was rejected following the environmental screen tests. 
The transfer function on this part shifted. An input on side 
B caused a shifted output level. This is similar to the 
condition on S/N 9. The VRB metallization (pin 12) was 
mechanically opened and the failure isolated to be between the 
VRB polysilicon and the 01B polysilicon. There was also 
leakage from these points back to VIB. The input is shown in 
Figure V-60 with the metallization scribed open. 

S/N 43 was rejected following the environmental screen tests. 
There .was again a shift in the input to output transfer 
function. A leakage path was found between VRB and 0SB. This 
was 2 uA @ 1.3V one polarity and 1 uA @ 3V the opposite 
polarity. 

All of the above failures are related to dielectric layer 
breakdowns . 

2. CCD321 A, S/N 49 

History; S/N 49 was removed from the 200°C group undergoing 
the 4000 hour life lest following 64 hours of operation. Side 
B on the device went to zero gain and the Voffset value 
dropped from 9.8 volts down to 4.3 volts. 

Cause: The failure was due to contamination on the die 

surface with the heaviest concentration over the side B output 
amplifier. 
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Test Method and Disclosure: The device vus electrically 

characterised and the side A output was found to be operating 
properly while the aide b output stayed at A. 3 volts. The pin 
to pin measurement:* found no apparent problem*. The package 
was opened and the contamination was evident Figures V-61 and 
V-62. The failure was reverified at this point. 

The unit was set aside for further analysis and approximately 
4 weeks elapsed. Retest at this time found the part to be 
operating properly with only a slight shift toward a lower 
voltage output. The offset voltage dropped from 9.8 to 9.1. 
The gain was back to the original value of 1.1. 

This indicates that there was mobile ionic contamination 
associated with the side B amplifier. 

The contamination was analysed on the SEM and found to be 
primarily chlorine, potassium, and phosphorous. 

3. CCD321A, S/N 36 

History t S/N 36 was removed from the 200 ®C group following 
256 hours of life test. There was no output on the device. 

Cause: Failure due to open V DD line. 

Conclusion: The appearance of the V DD metallisation stripe 

indicates that there was a masking or etching defect at the 
point of the open. There was also mechanical damage in this 
area which may have decreased the metallisation 
corss-sectional area. 

Test Method and Disclosure: Electrical measurement found the 

Vpo connection open. The package lid was removed and the 

open in the metallisation stripe was apparent. This was 

documented on the SEM (Figures V-63 and V-64). 

A probe was used to reconnect the metallisation stripe by 
mechanically smearing the aluminum. The part was then 
retested electrically, however, due to the SEM exposure the 
unit no longer functioned. Another Fairchild CCD was 

subjected to the SEM examination and identical electrical 

characteristics resulted. This is not conclusive but 
indicates that the only failure on the unit was the open Vpp 
line. 

4. CCD321A, S/N 46 

History: S/N 46 was removed from the 200°C group following 

256 hours of life test. This part had current leakage 
associated with pin 9 from the beginning of the testing. 
Initially this was on the order of 1 uA however it degraded to 
a short with testing. 
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Figure V-63 SCM Micrograph, Open V DD Line, S/N 36, CCD321A; 
900X 







Causal The causa of this failure was a abort batwaan tha 
poly 1 and poly2 layers. Thia ia identical to otbar layar to 
layar abort* analysed. Refer to 7923 data coda failura 

analyaia for datailed diacuaaion of thia failura aioda. 

3. CCD 32 1 A, S/N 40 

Hiatoryt S/N 40 waa removed from the 200 °C group following 
300 boura of life teat. The gain on both aidea want to aero 

and the offaet voltage dropped from 9.3 volta down to 3.9 

vol ta. 

Cauaat Cauaa of the failura waa ionic contamination. 

Conclusion: Electrical measurement found channelling present 

on most of the pins. Thia indicates a surface charge. 

Following a 10 minute 350°C bake the part functioned normally. 

Test Method and Disclosure: Pin to pin electrical ateasurement 

found channelling in the 100 nanoamp range on most pins. The 
part was opened and examined with no apparent causa for the 
problem being determined. The unit was then baked at 330 °C 
for 10 minutes and the part returned to normal electrical 
readings. The gain was about 1.2 on both aides and the offaet 
voltage was 9.6. 

K. Conclusions and Reronsnendr.tions 

Thia section will address the objectives established for this study 
and provide a sunnary of the results. 

1. Design Strengths and Weaknesses 

• 

The CCD321A-2 has two clocks required for operation. One ia 
the sampling clock and the second is the 01 shift register 
transport clock. This is fewer than some 3 and 4 phase 
systems. The clocks are in the 13 to 15 volt range which 

makes them more difficult to generate at the higher clock 
frequencies. 

The CCD321A-2 can be used as a single 910 bit delay ine or as 
two separate 455 bit delay lines. With two separate registers 
it is possible to produce a full-wave output signal if desired. 

The transfer function on this device is in the conventional 
manner with a lower input producing a lower output. This is 
in contrast to the R5101. 

The CCD321A-2 is manufactured utilizing the Buried Channel 
Charge Coupl Device technology. This provides very good 
transfer effi*- ency and high bandwidth. 
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This device dots require savaral volti^t levels to operate , 
including, a 15 volt Vpp, a 5 to 8 volt Vj, a 3 to 7 volt 
V REF» and a 3 to 7 volt input level. 

2. Failure Hodea 

The prominent failure mode on this part was dielectric 
breakdown. This can be caused by electrostatic discharge 
overstress, however, on these parts it was due to an 
inadequate thickness for the dielectric layer separating the 
polyl and poly2 layers. The manufacturer is aware of this 

problem a id it should be solved for future lots. 

The other failure mode experienced was contamination of the 
die surface which created an inversion layer. Thia was not at 
an excessively high level and could be eliminated with cleaner 
processing. One of the two devices which failed due to this 
would have been rejected if a 100Z precap visual had been 
specified for thene parts. 

3. Parametric Measurements 

For use in a specific application the following electrical 
parameters should be measured: 

Input gate leakage — All input gates should be measured 
for leakage to ground. Leakage between overlapping 
polysilicon layers in the input, output and shift 
register circuitry should be measured. All good parts 
tested were less than 0.1 microamps at 25°C. On a sample 
basis, parts should be destructively tested to determine 
if a weak dielectric layer exists. This can be performed 
by taking all of the inputs on several devices to the 
input protection diode breakdown. 

Operating Point - This test verifies that the devices 
will work over an adequate operating range. This can be 
performed by monitoring the output waveform resulting 
from a low frequency sine wave input. The good devices 
which successfully performed under high stress test 
passed an initial test of 0.4 volts peak to peak 
operating around a 3.7 volt d.c. input. (VR ■ 5.0 volts.) 

Gain - This parameter should be measured in conjunction 
with the operating point. It is recomnended that a 
minimum value of 0.7 be used with an input per para, b 
above. This is about 5.4 standard deviations above the 
mean values in Table V-20, thus indicating the 

probability of rejecting a good part is very low, less 
than .00001Z. 





d. Bandwidth - The bandwidth on these devices has been 

excellent 9 limited only by the clocking rate. This 
should be measured or the parts should be measured at the 
frequency at which they are to work to verify the 
performance of each lot. The manufacturer's 

specification of 4.5 MHz can be utilised 9 however f from 
this study a bandwidth equal to one half of the clock 
frequency is practical. 

e. Device Current - From Table V-20 it is^ recommended that 
this value be specified at 9 mA at 25 C under the test 
conditions specified therein. This value is about 4.1 
standard deviations from the mean value of 5.69 mA t thus 
indicating the probability of rejecting a good part is 
less than .0022. 

4. Burn-in Circuit 

The burn-in circuit utilized for this study provides dynamic 
operation of these circuits. The voltage levels utilized 
provide adequate stress to properly determine the reliability 
of the parts in a burn-in test. 

5. Changes to Upgrade Reliability 

The oxide thickness and quality needs to be carefully 
controlled and monitored during the manufactur ing process. 
Since the dielectric layers which failed were in the input and 
output circuits the use of these dielectric layers for a mask 
during the n+ diffusion needs to be evaluated. 

These circuits are very temperature sensitive and the 

manufacturers 1 mits of -25 C to *55 °C are reliable limits 
when parts arc screened as recommended herein. These 

limitations are inherent in the device themselves. However, 
these parts are not damaged by operation up to 125 °C and 
above. Additional characterization to determine- performance 
parameters and operating limitations at higher temperatures 
will yield data which may be useful in specific applications. 

6. Screening Recommendations 

The electrical screening should be as discussed in the 
parametric section. Environmental screening was performed per 
Nil- ST P M I ♦ 1 5004. The results ot the lit*' h"-t 

indicates that this was adequate to provide reliable devices. 
The 160 hour burn-in was performed at 55 C. This is the 
maximum operating temperature as specified in the 

manufacturers' data sheet. The results of this study indicate 
that this can be raised to the 125°C level specified in Method 
1015. 
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7. Application and Derating Guidelines 

The CCD321A-2 is an analog shift register intended for video 
signal-delay applications. Some of these applications were 
discussed in the introduction. New applications are being 
developed as the technology progresses. 

There was no evidence that device derating is required. The 
device as used with an emitter follower output will operate at 
the levels specified in the data sheet. 

8. Degradation of Charge Transfer Efficiency with High 

Temperature Operation. 

Transfer efficiency was seen to decrease slightly for the 
200 C life test group. This type of change can occur if there 
is an increase in the silicon defect density, an increase in 
fixed charge loss or a change in the charge density within the 
oxide. This latter effect can be due to hot electron 
injection as discussed in the data analysis section. 

The electric field within the depletion region beneath the 
gate electrodes will cause the electrons being transported to 
gain kinetic energy. If these electrons have sufficient 
energy to surmount the silicon-silicon dioxide barrier they 
may be injected into the gate oxide. A fraction of these are 
trapped which causes a shift in device characteristics. This 
phenomena has likely contributed to the shifts seen. It is 
important to note the acceleration factor related to high 
temperature operation. Assuming an activation energy of 1.0 
eV, 1 hour at 200°C is equal to 2 million hours at 25°C. The 
device shifts with 4000 hours at 200 °C are therefore very 
small for the amount of stress. 
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VI. Appendix 


1. CCD321A Failure Analysis Report 

2. R5101 Data Sheet 

3. CCD 3 2 1 A Data Sheet 
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HISTORY 


Three CCD 1 8 were selected for failure analysis. The history of each Is given here: 

S/N 2 passed Initial electrical testing at room temperature. The next test was 
the same electricals at +55 C, S/N 2 failed at this time and electrical testing 
found pins 6,7, 9 and 10 to be excessively leaky. The current measured ilpA, 
l8pA, 73pA, and lpA respectively, 

S/N o 43 passed the testing at which S/N 2 failed, and also bandwidth testing at 
+25°C, -25 C and +55°C, It then passed leakage current testing at +25u but 
failed when the temperature was raised to +55°C. Pin 7 measured lOOpA and pin 9 
measured 2pA. 

S/N 7 passed all initial electrical characterization. It then went through an 
environmental screen test including, 24 hours of stabilization bake at 150 C, 

10 temperature cycles from m bb°C to +150 C, constant acceleration at 30,000 g 
and fine and gross leak testing. Electrical testing at this time found side A 
to be nonfunctional and both pin 7 (side A) and pin 9 (side B) to be leaky. Pin 
7 measured 26pA and pin 9 measured 0,lpA, 

In addition to these three devices, 2 parts were returned to Fairchild for their 
analysis, 

CAUSE 


The cause of the failures was a breakdown of the dielectric isolating the poly- 
silicon layers from each other and/or the polysilicon from the silicon. 

CONCLUSION 


ORlGINAlOH 


The test equipment utilized to excerise these CCD's had been used previously with 
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CONCLUSION COTT' D 


JO ocher parts of the same type with no failures occurring. The equipment was 
also carefully checked following these failures to verify that no spiking or 
other electrical stress wus being applied to the parts. Handling precautions 
were observed due to the electrostatic sensitivity of these devices. It Is not 
believed that the parts received any abnormal electrical stress. 

All of the failures analyzed were Isolated to the output amplifier section on 
the CCD. The leakage currents seen on all of the devices are shown In Table 1 ■ 
Note: 1 volt "10 microamps. Pins 7 and 9 are the most common leakage path. The 
structure associated with these pins is shown in photos 1 and 2. There are two 
polyslllcon layers. The top layer Is connected to pin 7 or 9 and the bottom 
polyslllcon layer Is connected to VDD (pin 16). Ihe appearance of this area on 
S/N 43 Is shown in photos 3 and 4, lhe other area found to be shorted Is shown 
in phot >s S and 6. This is the gate of the MOSFET identified as Q1 and Q9 in 
Figure 2. The external connection to this point also goes to numerous other 
polyslllcon gates along the channel, however, only the gate in the output 
section experienced a failure. 

It appears that there is a weakness associated with the dielectric In the out- 
put section of this CCD. The polyslllcon In this area is used as the mask for 
the source and drain diffusions. It is not understood at this time how the 
diffusion process can degrade the dielectric strength. Consultation with 
Fairchild will continue until the cause of the failures can be better understood. 

T EST EQUIPMENT UTILIZED 


Tektronix 576 Curve Tracer EQ529108 

Zeiss Stereomicroscopc EQ526435 

Zeiss Universal M Microscope EQ527339 

Cambridge S-180 SEM EQ534953 

Micromanipulator Probing Station S/N 795812 


TEST METHOD & DISCLOSURE 

Pln-to-pin electrical characterization was performed on a good device and on 
serial numbers 2,7, and 43. VGG, VSS, and VDD were measured to each of the other 
pins. 

The packages were then carefully opened by mechanically grinding the lid until 
it was very thin and then peeling it back to expose the die cavity. Visual 
examination found two anomalies however, these weru not associated with the 
failures. S/N 2 had a silicon particle en the surface which was present during 
the manufacturing process (photo 7). The aluminum metallization Is seen to be 
delineated over the top of the particle. S/N 7 had a metallization stripe 
connected to pin 4 which had been mechanically scraped (photo 8). There was 
adequate metal to provide electrical continuity, however, failure may have occurred 
at this point with time. 

The first device analyzed was serial number 43 since its failures were the most 
severe. Pins 7 and 9 were shorted to VDD. The shorts were Isolated by mechan- 
ically scribing open the metallization stripes as shown In photo 9. Tills Isolated 
the failures to one side of the overlapping polyslllcon structure. By chemically 
removing the oxide over this polyslllcon structure the sites of the failures were 
visible (photo 3 and 4). These type of appearances have been seen previously on 
Fairchild devices but never fully explained. Copies of these photographs were 
sent to Fairchild for their coumcnts. 
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TEST METHOD & DIS C LOSURE CONT* D 


S/N 7 had leakage associated with pins 7 and 9. With pin 7 positive and VDD 
negative the leakage was 10 mlcroamps at 11 volts. With pin 7 negative and 
VDD positive the leakage was 10 mlcroamps at 14 volts. Pin 9 measured 10 
mlcroamps at 16 volts both polarities. These were once again Isolated to the 
overlapping polyalllcon structure. The electrical characteristic of these 
two leakage paths were documented with the sites Isolated (photo 10 and 11). 
Chemical stripping and careful examination on the SEM could not locate a fall* 
urc site. 

S/N 2 had leakage associated wl*:h pins 6,7,9 and 10. The leakage on pin 9 
was once again Isolated to the overlapping polyalllcon structure. The leak- 
age on pin 7 disappeared before It could be Isolated. The luakage on pins 
6 and 10 was more difficult to Isolate due to the large number of polysilicon 
gates to which these pins connect. By stripping the metallisation, a current 
was forced through the polyalllcon layer and the voltage drop along It was 
measured. The location of the short was then isolated to a small portion of 
the polyalllcon. An ultrasonic cutter was then used to open the polyalllcon 
as shown In photo 12. This Isolated the leakage path to the polyslllcon gate 
of transistor Ql. This area and that area on translatorQ9 were documented on 
the SEM (photos 13 and 14). These areas were chemically stripped and the fall* 
urea sites seen. They appeared to be small holes in the dielectric which were 
dilated by current flow (photos 15 and 16). 
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Photo 6 SEM micrograph, same area as ,hoto 5 with 
metallization stripped: 800X. 
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Photo 9 


t . » 4 nn of failure on 0virl<ppl®l 
Mechanical Isolation 500X. 

polvallicon structure of W* * 
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Photo 10 Pin 7 to Vjjj., r > volts/horizontal division; 
2 microamps /vert ica 1 ill vision. 
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Photo 15 SEM micrograph, transistor Qj with arrows 
indicating failure sites: 10,000X. 


with arrow 


Sem micrograph, transistor Q 
indicating failure site: 15,' 







RET l CON’ 


R5101 2000-SAMPLE ANALOG DELAY LINE 
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NTRODUCTION 


he R5101 it a monolithic four-phase Charge Coupled Device 
XD) which provides first-in-first-out storage for 2000 
;quential samples of an analog input signal It is intended 
>r audio signal-delay applications and is self-contained with 
i internal four phase clock generator-driver combination 
'hich can be slaved for serial operation. The R6101 is avail- 
jle in a 22 pin dip package with connections as shown in 
•g. I, 
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• 2000 samples of audio delay in a single DIP 

• On-chip driver requiring only single phase 5V clock 

• Charge -Coupled Device technology 

• Wide dynamic range S/N > 70 dB 

• Clock -controlled variable delay 

• Sample rates from 4 KHz to 2 MHz 

• Delays from 1 msec to .6 sec 

• On-chip output circuit provides full wave output 


fifuri 1. R6101 2000 Semple Delay ihn Configuration. 

TYPICAL APPLICATIONS 

• Reverberation effects in stero equipment 

• Sound effects for musical instruments 

• Data buffering 

• Variable speech control - pitch correction 


ENERAL DESCRIPTION 

>e Reticon R5101 is a self contained monolithic charge- 
jpied delay device which consists of a charge transfer 
annel controlled by a series of gates driven from an on-chip 
jr -phase driver. The four-phase clocks drive four arrays of 
luential gates which form potential wells in the channel 
teeth them. The signal is sampled at the rate of one-half 
<the input clock frequency and these wells carry the 
irges (which represent samples of the input signal) sequen- 
lly through the device, advancing one stage for each two 
>ut clock period: Figure 2 shows a simplified schematic 

•gram of the device. 

though there is only one delay line, two outputs are pro- 
ed, labeled odd and even signal outputs. At the output 
j of the device, the signal is divided into two paths, one 
ssessing an extra one-half sample time of delay. The extra 
ayed output is labeled the even signal out and the other 
nal, taken from the 2000th stage, is labeled odd. This 
tput arrangement as shown in Fig. 2 gives the user the 
tion of multiplexing the two outputs through a simple 
ter circuit to obtain a single full wave output. 

lure 3 shows the timing relationship of the signal outputs 
stive to the external clock input. Two of the internally 



^Jr§2. Equivalent Circuit for R5101 2000-Samplt Delay. 


generated four phase clocks are also shown. Since 83 is com- 
plement to 81 and 04 is complement to 83, only 83 and 83 
are shown. 

ORIGINAL PAGE IS 
OUTPUT SIGNAL POOR QUALITY 

The output signals as seen in Fig. 3 are produced through t 
gated charge amplifier during the alternate low-level portions 
of 0i and 83. The odd sampled signal is produced at the out- 
put of the odd source follower when the odd reset FET is 
opened by 83 going low. then when 83 rises it resets the gate 
node of the odd source follower. Simultaneously with the 
rise of 83, 0i falls and the even reset FET'sgate is pulled low 
thereby producing a signal at the output of the even source 
follower. On the next following half clock cycle this source 
follower node is reset and the cyclic pattern is repeated while 
producing a sequence of negative going pulses with the 
sampled signal super-positioned on the low half cycle as 
shown in Fig. 3. 

The reset level is determined by the reset voltage applied to 
the reset FET drams. These inputs are seen in Fig. 2. 



Figure 3. R5101 Relative Timing Diagram. 
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OUTPUT ISOLATION GATE 

In add i ton to the re itt and source follower FETi there ii a 
control FET In the signal lina of each of tha gatad charge 
amplifiers Thasa gatas ara externally biasad (Vqq) to isolat# 
tha rasat noda fr^m tha output of tha CCD gatas. 

INPUT ISOLATION GATE 

This gata is usad to isolata tha input from tha CCD channal 
and is oparatad with a fixed bias (V|Q ). 

INPUT SIGNAL 

Tha analog signal is introducad into tha davica by modulating 
tha quiascant input bias condition with tha analog input gata. 
A signal charga proportional to tha analog signal voltaga at 
tha gata is accaptad undar tha gat# and is samplad into tha 
CCD potantial wall tarminating with tha rising adga of tha 
0g clock cycle, thus locking tha analog data into tha CCD on 
tha rising adga. 

Anothar function sarvad by tha input gata is tha adjustmant 
of tha input bias V | . Nominally this gata oparatas with a 4.5 
volts dc bias; however, tjvolt adjustmant should ba providad 
to allow for variations in tha optimum bias for aach davica. 
This arrangamant is normally achiavad by coupling capaci- 
tivaly into tha input and providing bias through a 100 Kn 
isolation resistor, using a potantiomatar to tha bias 
potantial ovar tha dasirad range 

THE CLOCK AND DRIVER 

Tha four phase clock is ganaratad by driving an intarnai J K 
flip-flop from an external mjuart wave clock with non-critical 
amplitude of from 5 volts to Voq. Tha output of tha intarnai 
flip-flop is isolated from tha clock lines by means of buffer 
drivers. Timing for tha flip-flop is controlled by aach transition 
of tha input clock, so this latter must ba a square w eve, as 
tCftenerated by tha circuit of Fig. 0. 


SYNCHRONOUS OPERATION 
OF MULTIPLE DEVICES 

In order to ensure synch roni rat Ion between multiple devices, 
either in a serial or parallel conf iguration. tha intarnai flip flops 
of .the on chip dock drivers must ba in phasa. In order to 
easily accomplish this, tha 0 3 clock (sea Fig. 61 is brought as 
an output to Pin 19 and this signal can ba usad to generate 
tha synchroniiation pulse. Tha raquiramant for tha SYNC 
pulse is that it ba high during tha time that 0j is low (Figure 
3|. A possible circuit to generate tha SYNC pulse is shown in 
Figure 4 in which tha 0 3 output is usad as an input to a dual 
monostabla. Tha first monostable generates a delay to assure 
that tha pulse will occur while 0 3 is low and tha second one 
generates tha synchronization pulse. The minimum SYNC 
input level is 5 volts, which can be generated from a CMOS 
one shot or a TTL device with a pull up resistor When not 
used, the sync input should be grounded. 



FUNCTION 

SYMBOL 

PARAMETER 

UNITS 

MIN. 

TYPICAL 

MAX. 

Clock Voltaga 

VCF 

6 


VDD 

Volts Peak 

Sync FuIm Voltaga 

VSYN 

6 

10 

VDD 

Volts Paak 

Output Bias 

Voo 

1 

3 

4 

Volts dc 

Corner Bias 

VCB 

1 

3 

4 

Volts dc 

Input Isolation Bias 

V I0 


3 


Volts dc 

Analog Input Bias 

V| 

9 


6 

Volts dc # 

Signal Vqq Voltage 

Voos 


13 

16 

Volts dc 

Driver Vqq Voltage 

V D00 


13 

15 

Volts dc 

Signal Vqq Currant 

'DOS 


8 


me 

Driver VQQCurrent 

'OOO 


8 


me 

Reset Dram Voltage Odd 

VRDO 


9 


Volts dc 

Reset Dram Voltage Even 

vroe 


9 


Volts dc 

Reset Dram Currant Odd 

•rdo 


70 


Memp 

Reset Dram Current Even 

'RDE 


70 


uamp 

Clock output 

•3 




See Fig 5 

Signal Outputs 

v 01 tna V 0 2 




See Fig 6 

Clock Input Capacitance 

CF 


4 


PF 

Analog Input Capacitance 

V| 

J 


4 


PF 


*5## re« f undtr Appi'CStions, for optimum bus odjustmont. 
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TIME 

SYMBOL 

MIN 

TYPICAL 

MAX. 

UNITS 

*0 

60 

100 

160 

nanosec 

'os 

too 



nanosec 

'•ample 


too 


nanosec 

’ms 


160 


nanosec 

f FS 


160 


nanosec 
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Figure 6. # 3 Output at Minmum Permissible Loading 


ELECTRICAL SPECIFICATIONS 
I/O specifications are listed in the Table on the preceding 
page All input terminals (with the exception of V/qq and 
Vrd are gate inputs of an MOS device, therefore essentially 
capacitive. Protection is provided on all inputs against damage 
by static charge, however, the normal precautions applicable 
to MOS devices should be followed 
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Figure 6B Output Impedance. 


PERFORMANCE CHAR ACTE RISTICS 


PARAMETERS 


l IM ITS 

UNITS 


MIN 

TYPICAL 

MAX. 

Sample frequency 

0.004 


2 MHt 

Dynamic Range 


See Fig. 7 


Nona 


See Fig. 7 


,3dt* Bandwidth 
(see Fig 8) 

12.5 

14 

% of frequency 
sample 

Transfer Gam 


0 6 

Volts/Volt* 

Distortion at IV p-p input 

1 

% 


•77># transfer gs>n wms n *stunid with test circuit conditiont 
M shown in Fig 6 A 



Plfura 7. Transfer Character ietk. 


APPLICATION 

A circuit schematic is shown in Fig. 9 to provide the user 
with a rapid evaluation of the device This circuit provides 
the clock and the biases for the device. It contains an output 
adder amplifier. CA312/ fNttf amplifier. 4739. oscillator, 
one half of 4013, and a square wave clock generator, other 
half of 4013. A circuit similar to the one in Fig. 9 is available 
on a circuit card from Reticon. Its designation is RC5101. 

The circuit is operated from a single power supply of 12 volts 
at 60 ma. The mid frequency gam is approximately 0.5. The 
cutoff frequency of the filter is approximately 20 KHz. As 
seen in the schematic, there are three potentiometers: (1) 
input signal bias control, (2) odd and even gain, and (3) 
frequency control. 

The input signal bias control is used to obtain the specified 
bias setting at the input; however, it may be used to optimize 
the bias condition by inputting a sine wave of 2 volts p p 
signal at 2 KHz and adjusting the potentiometer to obtain an 
output signal at Pin 8 or 12 with a minimum distortion. 

The odd and even gam control is used to adjust the gain dif- 
ferential between the two sides. This is performed by apply* 
mg a sine wave of * 2 volts to the input and adjusting for 
balanced gam through the signal swing of the combined 
output. 



F igure 8. Typical Fiaquancy Response with Various 
Sampling Frequencies. 



Figure 8. Typical External Circuit for Control of R5101. 


App. 2-3 



Tht frequency control «d|U»tB thd driving oscillator frequency 
from .02 to 2 MHz. This oecillator drives the 4013 flip 
vrttich generates the external square wave clock input It is to 
be noted that since there are two flip-flop dividers, one 
external end one internal, the sampling rate is 1/4 of the 
oscillator frequency, or in the range of approximately 6 KHz 
to 500 KHz. The range may be modified by changing the 
value of the 50 pf frequency control capacitor at the oscillator. 

In general, sampling should be at as high a rate as permitted 
by the desired delay. More frequent samples give a finer* 
grained representation of the analog signal, make filtering 
easier, and permit a wider analog passband. This situation 
holds true until sampling rate becomes so high that there is 
insufficient time per sample to readjust charges internally, 
meaning that sampling rates must be 1 M Hz or higher before 
significant limitations are observable. 

Attempts to obtain very long delays face two limitations: 
(1) The very low sample rate means coarse-grained represen- 
tation of the analog signal, and a restricted bandwidth. 
A maximum bandwidth of less than ffample^ obtains, be- 
cause filters are not ideal; otherwise interference occurs from 
the folded components (fsample - *siqnal> W) Storage tune 
is limited by internal leakage current. Leakage is worse at 
high operating temperatures, doubling every 7-10°C increase 
in temperature. The leakage affects bias levels and introduces 
noise, because of the additive nature of the leaked charge 

FREQUENCY COMPENSATION CIRCUIT 
The bandwidth of an ideal device would be limited by 
sampling considerations. Input frequencies must be limited 
to leu than half the sample frequency and filtered outputs 
will have a SIN X/X envelope. In a real charge transfer dr 
vice there is an additional factor which comes from the 
charge transfer inefficiency; that is, some signal charge is 
left behind at each transfer and comes out as a trailing 
signal. The exact amount of transfer inefficiency varies from 
device to device. The block diagram for a circuit which com- 
pensates for this and which tracks with changes in the sample 
frequency is shown in Figure 10. The concept for this type 


of sampled data filter circuit Is that it cancels the trailing 
signal which comes out during sample periods later than the 
one to which it belongs With a single loop (n-1), the circuit 
only cancels the trailing charge m the next sample period. 
In the detailed circuit shown in Figure 12, n*2 and this allows 
the 3db point of the R5101 to be set at .26 f sample. Figure 
1 1 shows the output of an R5101 device uncompensated and 
compensated in the circuit of Figure 12. 

In the Figure 12 circuit each S/H of the block diagram is 
realized with two sections, each section produces one-half 
sample of delay. A section consists of a SD5000 switch, a 
001 storage capacitor (Cg), and a CA 3127 buffer ampli- 
fier The feedback resistors (Rf*) are potentiometers which 
can be optimized for a particular device. The output from 
the second section of the second sample hold is further 
proceued through a single additional sample and hold section 
to produce an optimized rectangular box car output. This 
circuit will produce slightly more noise than the circuit of 
Figure 9 as the high frequency noise is peaked as well as 
the signal. 
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Figure 10. Block diagram for n loop templed data filter. 



Figure 11. Companion of the frequancy retponte of R5101 utmg 
different output circuit. 



♦ 




v j.%.* 

t 


r 

* vAf 

V <• > 

f i- f 

— 1 ♦ I 


I- 




Figure 12. Typical circuit for R5101 with templed date filter output. 


Copyright R E T ICON Corporation 197*. Contents may not t>e reproduced In whole or In pert without the written content 
of RETICON Corporation. Specification! art subject to Chang# without notice Printed In U.S.A. 


information furnlthed herein It believed to be accurate and ratable. Howe*#’, no retpontiblllty itattumed by RETICON 
Corporation for Itt ute, nor for any Infringement of patent! Of other right! of third partial which may raiuit from It! use 
Nollcente li granted by Implication or otherwise under any pa*e-* or patant rights of RETICON Corporation. 


App. 2-4 






JANUARY 1*78 ■ 




I 

i 


) 


I 


I 






i 


I 


GENERAL DESCRIPTION The CCD321 A it an electrically variable analog delay line 
intended to be used m analog signal processing systems that include delay and tempor- 
ary storage of analog information The CCD321 A consists of two 455*bit analog shift 
registers, each with its own charge infection port transport clock and output port allow- 
ing the device to be used as two 455 or one 910 bit analog delay line 

The CCD321 A can be used in applications ranging from video frequencies all the way 
down to audio f requencies A complete T V line of 63 5 can be stored with a four times 
color subcarrier sampling frequency of 14 316 MM/ Applications in video systems in- 
clude time base correction, comb filtering and signal-to noise enhancing Audio 
applications include variable delay of audio signals, reverberation effects in stereo 
equipment, tone delay in organs and musical instruments as well as voice scrambling 
applications The CCD321A also finds applications in time base compression and 
expansion applications where analog data can be fed at one rate to the device the 
clocks can be temporarily stopped and then data clocked out at a different rate 

The CCD321 A is an improved pin-for-pin replacement for the CCD321 The CCD321 A 
comes in four different classes as follows 


DEVICE 


APPLICATION 


CCD321A 1 
CCD321A 2 
CCD321 A-3 
CCD321A 4 


Broadcast quality video delay line 
High quality video delay line 
T ime base compression and expansion delay line 
Audio delay line 


• ELECTRICALLY VARIABLE ANALOG DELAY LINE FOR AUDIO AND VIDEO APPLICATIONS 

• 1 M VIDEO OELAY LINE CAPABILITY WITH BROADCAST QUALITY PERFORMANCE 

• EXCELLENT BANDWIDTH AT VIDEO AND AUDIO RATES DUE TO BURIED 
CHANNEL TECHNOLOGY 

• WIDE RANGE OF OATA RATE FROM 10 MHi TO 20 MHi PER 45S SECTION 

• HIGH SIGNAL r O NOISE RATION — VIDEO S6 db AUDIO: •$ db 
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PIN NAMES 


*IA*1B 

Analog Shift Register 
Transport Clocks 

*SA ^SH 

Input Sampling Clocks 

*ba*hb 

Output Sample and 
Hold Clocks 

v 2 

Analog Shift Register 
DC Transport Phase 

V IA V IB 

Analog Inputs 

V KA V HB 

Analog Reference Inputs 

V OA v OH 

Analog Outputs 

v DO 

Output Dram 


V GG 

Signal Ground 


Substrate Ground 
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CCD321A — 455-910-eiT ANALOG SHIFT REGISTER - CHARGE COUPLEO DEVICE 





FAIRCHILD CHARGE COUPLED DEVICE • CCD321A 


FUNCTIONAL DESCRIPTION — The CCD321A consists of the following functional elements illustrated in the Block ! 
Diagram 

Two Charge Injection Pods — The analog information in voltaga form is applied to two input ports at Via or V, § ) Upon the 
activation of tha analog sampla clocks Psa (or pss » • charga packat linaarty dependent on tha voltaga dtffaranca batwaan ! 
V.a and Vaa or Vis and Vas is injected into analog shift ragistar A or B 

Two 4SS-BH Analog Shift Ragistars - Each ragistar transports tha charga packats from tha charga infaction port to its ; 
corraspondmg output amplifiar Both ragistars ara oparatad in tha 1-1/2 phasa moda whara one phasa pu or pis' is a 
clock and tha other phasa Vii is an intermediate dc potential Phases a and +ia are completely independent Vjisadc , 
voltaga common to both ragistars 

Two Output Amplifiers Charga packats from each analog shift ragistar are delivered to their corresponding output am 
plifier as shown »n tha circuit diagram Each output amplif ter consds of three source follower stages with constant currant 
source bias A sample and hold transistor is located between the second and third stage of tha amplifier When tha gate of 
the sample and hold transistor is clocked (Pra or Pr 0 ) a continuous output waveform is obtained as shown in tha timing 
diagiams Tha sampla and hold transistor can be defeated by connecting Pr A «nd, or P R g to Vqq In this case tha output 
is a pulse modulated waveform as shown in the timing diagram 

MODES OF OPERATION - Tha CCD321 A can be oparatad in four different modes 

4S5ilt Analog Delay — Either 455-bit analog shift register can be oparatad Independently as a 455-bit delay line Tha 
driving waveforms to operate shift register A is shown in Fig 10 The Input voltaga signal is applied directly to Via Tha input 
sampling clock *sa samples this input voltage and injects a proportional amount of charga packat into tha first bit of 
register A Tha input voltaga Ai which Is sampled batwaan t ■ 0 and t » tc appears at tha output terminal Voa att OiOt If 
the sample and hold circuit is not used than the output appears as a pulse amplitude modulated waveform as shown in tha u 
diagram In that case *aa< pm 7) should be connected to Vootpm 10) If the samp'e and hold circuit is used than the output 
appears as a continuous waveform Here *ra ( pm 7) should be clocked coincident with *sa ( pin 5) and tha two pins can be 
connected together. 

Analog shift register B can be operated in an analogous manner with Via as tha analog input. *ib as tha transport clock, *sa 
as tha input sampling clock and *rb as the output sample and hold clock 

•10-Blt Analog Delay In Series Moda - Tha two analog shift registers A and B can be connected m series to provide 910 
bits of analog delay as shown in the schematic below The analog signal input voltage is appliad to Via The output of 
register A is connected to tha Input of register B with a simple emitter follower buffer stage In order to insure proper charge 
injection of register B. Vnb should be adjusted Tha timing diagram shown in Fig 10 applies in this moda of operation Here 
*ia * die. *sa ese *ra ■ Voo. and *rb is clocked 


V D© 



910 Bit Analog Delay In Multiples Moda - Tha two analog shift registers can be connected in parallel to provide 910- bit of 
analog delay as shown in the schematic below T he analog signal input voltage is applied to both Via and Vib The outputs at 
Voa and Voe should be combined In order to recover the analog input information 

The necessary waveforms to operate the device in this mode is shown in Fig 1 1 In this case *sa samples the analog input 
Ai at Via between t *0and t * tc dSA samples the analog input B at Vie. between t - L and t - 2L The output corresponding 
to Ai appears at Voa at t ■ 910U The output corresponding to Bi appears at Voe att 91 lie This mode of operation results 
in an effective sampling rate of twice the rate of *ia. *ib. *sa and *sb 
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FAIRCHILD CHARGE COUPLED DEVICE • CCD321A 


Slop sun Mod* Operation — The charge packets in the two analog shift registers can ba held stationary by stopping *ia 
and +ia in their LOW state #sa. #se Pea, and +*a can also be stopped m the LOW state or kept clocking as usual The two 
shift registers should not be connected in series in the flop-start mode of operation 

The CCD321A comes m four different classes depending on the panicular application Th#CCD321 A t is basically a high 
quality broadcast 1 H delay line for video systems with 1% differential gain and 1* differential phase The CCD321 A-2 is a 
high quality video delay line with 3% differential gain and 3* differential phase The CCD321A-3 is tested in the START/ 
STOP mode of operation and parameters guaranteed m this mode The CCD321 A-4 is tested at audio speeds and aud'O 
type parameters are specified and guaranteed The dc and clock characteristics of the four classes are the same The ac 
characteristics vary as shown below 

Caution The device has limited built m gate protection Charge build up should be minimised Care should be taken to 
avoid shorting pir.s Vqa And Vqb to ground during operation of the device 


DC CHARACTERISTICS T * 55* C Note 16 


SVMBOl 

CHARACTERISTIC 

HANOI 

UNITS 

CONDITIONS 

MIN 

TVP 

MAX 

Vqo 

Output Dram Voltage 


150 

156 

Bi 


vj 

Analog Shift Register DC Transport 

Phase Voltage 


60 



Note 1 

VRA Vrb 

Analog Reference Input* Voltage 


3-7 


V 

Note 2 

vgg 

Signal Ground 


00 




Vss 

Subtitaie Ground 


00 



Note 3 

Win 

AC Input Resistance 


1 0 

■ 


Resistance from Pins 3 4 12 or 13 to 

v ss via vib 3v 

Cm 

AC Input Capacitance 


to 


D 

Cap«cilanca from Pm* 3 4 1 2 or 1 3 lo 

Vss Via v,b sv 

Rout 

AC Output Resistance 


250 


0 



CLOCK CHARACTERISTICS Ta 55*C Note 16 


SVMBOL 

CHARACTERISTICS 

RANGE 

UNITS 

CONDITIONS 

MIN 

TYP 

MAX 

V*1AI, V*iei 

Analog Shift Register Transport Clocks LOW 

0 

05 

06 

V 

Note 4 

V#1AH. V^IRH 

Analog Shift Register Transport Clocks HIGH 

120 

130 

150 

V 


vesM vesH* 

Input Sampling Clocks LOW 

0 

05 

08 

V 

Nbn | 


Input Sampling Clocks HIGH 

120 

130 

150 

V 

Note 5 

V^MAt V*«tfti 

Output Sample and Mold C' xks L OW 

0 

05 


HH 

Note 6 

VeeAH 

Output Sample and Hold Clocks HIGH 


130 



Note 6 

Via Vie 

Input DC Level 


■cm 


V 


V 4 V , 

Output DC Level 




HI 


feiA.U's 

Analog Shift Register Transport Clock Frequency 

0 02 


20 

MH/ 

See Note 1 7 

f^sA 

Input Sampling Clocks Frequency 

KB 

■■ 


Cl 

See Note 1 7 

fp«A 

Outp ut Sample and Hold Clocks Frequency 

_ - 

kb 



I0SH 

See Note 1 7 

ODM 

Output DC Mismatch Between A & B Registers 


11 

■ 



OAM 

■ - ■ i 

Output AC Mismatch Between A 4 B Registers 
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FAIRCHILD CHARGE COUPLED DEVCF • CC0321A 


ABSOLUTE MAXIMUM RATINGS 

Storage Temperature 
Operating Temperature 
All Pma with Raapact to V 55 


26 # C to 100°C 
“26°C to 5S‘C 
0 3 V to 20 V 


CCD321 A-1 AC CHARACTERISTICS: T* - 56*C Both registers m tha multiplexed mo da Clock Rata • 7 16 MM/ Sampling 
Rata • 14 32 MHx Vout • 700 mV Saa Tatt Load Configuration F igjre b 



CHARACTERISTIC 


Signal Bandwidth 3 dB Down) 


Inaarlion Gam 


Oiffarantial Gam 


Oiffarantiai Phata 


Signal-to-Notte Ratio 


Maximum Input Signal Voltaga 


RANGE 


MIN TVP MAX 



UNITS CONDITIONS 


MHx Nota 7 


dB Nota 8 


1 0 | d agrees | Nota 0 


Nota 10 


Vpa-pi 


CCD321A 2 AC CHARACTERISTICS: T* 55*C Both ragiatart in tha multiplexed me da Clock Rata 7 i 8 MMi Sampling 
Rata • 14 32 MHx Vout • 700 mV Saa Tatt Load Configuration. Figure 8 



CHARACTERISTIC 


Signal Bandwidth 3 dB Down 


Inaertion Gam 


Differential Gam 


Differential Phata 


Signal to-Noise Ratio 


Maximum Input Signal Voltaga 


RANGE 


TVP MAX 


UNITS CONDITIONS 


MHx Nota 7 


dB 


Nota 8 


Nota 3 


degrees Nota 8 



CCD321A-3 AC CHARACTERISTICS: T* 55*C Both registers m the multiplied mod** Clock Rata 7 16 MM/. Sampling 
Rata *14 32 MHx Clock* are stopped for 300 *t Vout • 700 mV aftar 4 2 MHx low past filter Saa Tatt Load Configuration. Figure 8 


UNITS CONDITIONS 


Nota 7 

Nota 8 
Nota 9 

Nota 9 
Note 10 


Nota 11, 12 



CHARACTERISTIC 


S gnat Bandwidth 3 dB Down 


Insertion Gam 

Differential Galr. 


Differential Phase 

SignaMo- Noise Ratio 


Spaciai Noise 


Maximum Input Signal Voltage 












































































FAIRCHILD CHARGE COUPLED DEVICE • CCD321A 



4 VC For aach ragtstar DiliRil* 50KN# Saa T#aH oad Configuration 


CCD321A-4 AC CHARACTERISTICS: U 

Voul • 1 V 

SVMBOl 

CHARACTERISTIC 

nw 

Signal Hind width 3 dH Down 

IO 

lo tart ion Gam 

TMO 

Total Harmonic Distortion 

S N 

Signal to Noisa Rat o 

Vi im«i! 

Mmmum Input S»gr #i VoMaya 

RSO 

Rala of Avaraga Signal Offsat 


RANOE 


TYP I MAI 

w 


UNITS CONDITIONS 

KMi Not# 7 

dB Not# S 

% Not# t) 

dB Not# 14 

V#» a* 

mv/mi Not# 1 5 


NOTftS 

t Vi laval Should ba t/2 of tha #t* or a;* MIOH laval Ad, uS« man l ,n th« rang* of ♦ 1 V may b« nacat*a»y to maumi## Signal bandwidth 

2 signal chsrga * reaction •• proportional to in# diftaranc# Vi an# v« Ad|u*tmant of adhar V» or V* »* natatsary to attura p'opa* oparahon 

3 Nagativ# trannants ht*o» ground of faal r.sa and fan hmas of tha clocks may c luta charga mjachon form substrata to tha sh.ft »ay .*ta»# A nagahva b*at on 
Vst of -2 0 to ft 0 Vdr mil ahm.nala f» a • action phanomanon 

4 C#«a Ca«a * 30 pf Capaotanca w*th raapact to Vt» 

ft C##a - Casa * to pF • Capaotanca with raapact to V»a 

ft C#ma C#«a to pF Capaotanca a tn raapact to Vaa 

7 S.gnai Bandwidth •• typi« any t/| to t/2 of tha sampling rata Saa Fig t 

ft insaction Qam 20 Log Vouf V*» 

ft Diftafantiai Qam and Diftarantiai Phasa ar# maaturad with Taktroma NTSC Signal Oanarator I147AI and Vactor Scopa <ft20Ai Saa Figura 2 
to Vidao S N •* dafmad as tha ratio tha paa* to paak output signal to NMS random (tamporaH no*sa Th# pass to paas signal is tha mjumum output laval 
that satisfias tha AO and A# spats Saa Fig 3 

It in tha start atop mod# of oparation it is racommandao that tha nsa and fall umaa of #ia and #i# ascaad 20 ns to aiim.nata charga inaction 
12 Spaoai Noisa i tha pass to paak spacai variation thaad pattarn not*a> in tha davit# output attar cloca* hava baan stoppad it it usuaity cauaad by tha 
variation of taakaga currant dansity in tha shift rag«stars Spaoaf noisa is a function of th# clock atop partod and tamparatura Saa Figura ft 
MHtftMftftM Sm Figura ft 

14 Audio S'N it datmad as ira ratio o* no«sa at 23 ah# hand* dtn Both art maasorad with an HP3400A NMS Vodmata' Saa Figura ft 
tft Rat* of Avaraga Signal Offsat it causad by laakaga currant in tha ragistars it is a function ot tamparatura Saa f igur# 7 
tft Davie a* ara tastad using tha vaiuaa shown m tha typical column* 

17 Darias can ba oparatad bayond 20 MM# without damaga Th# minimum clock rata can ba lowar than 10 A Hi shown m Figura 4 


TYPICAL VIDef) PERFORMANCE CURVES 
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FAIRCHILD CHARGE COUPLED DEVICE • CCD321A 



ORDERING INFORMATION 


To order the CCD321A specify the 'device type’ as shown below 

CLASS. APPLICATION DEVICE TYPE 

CCD321A-1, Broadcast quality video CCD32TA1 

CCD321A-2. High quality video CCD321A2 

CCD321A-3. Time base compression and expansion CCD321A3 

CCD321 A 4. Audio delay line CCD321A4 

Also available from Fairchild are two fully assembled modules that contain all the necessary circuitry to operau U 
CCD321 A These modules are designed to help the system designer become familiar with the operation of the devic* 
and for use in OEM systems 

The CCD321VM is a video module using a CCD321A-3 The module includes the necessary electronics to perform ? m 
base compression and expansion, and variable video signal delay The module requires a single powor supply fc r 
operation 

The CCD321AM is a module using three CCD321 A-4 which are connected in senes to provide delay times of up to 100 ms 
for audio frequency signals A filtered output tap is provided at each 455 bit delay increment for flexibility The modul 
requires a single supply for operation 

Schematics and component layouts are included in the shipping packages for the CCD321VM and CCD321AM For 
further information on the CCD321VM or CCD321 AM please contact your nearest Fairchild sales office or distribute • 
or call 415-962-3941 

PACKAGE OUTLINE 

16 Pm Side Brated 







NOTES 

All dimenatona m inches (bold) and millimeters (parenthesr , . 
Meade* it Mack ceramic (Ai^O-jl 
Pma a e gold plated kova» 

Top cover connected lo pm 8 Vss tubatrato 


App. 3-8 

F«irch«td cannot wium« reapons'tMity lor u*e of any circuitry Oeac'ibed other man circutry eni.'Hy embodied in a la tch.io product No other circuit patent en**% » mp 

Manufactured under one o’the following u $ Patent* 2981 $77 301)04 a .10*416? 3KM358 3tt??60 oth#» patent* pending 


